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«>I Hv UROSTAnCSj OR THC IFFLCfS WHICH ARISL 
FROM TilL GRAVITY OF FLUIDS, 

A i llt j d is a body whofe parts readily yield to a 
any impicftion, and in yielding, are tafiiy moved 
amongft each other. 

The caule of fluidity it> not peife&ly known, b 
S ome aie of opinion that the particles of fluids are 
ipherical, and, in confequence of their touching 
each other in few points, cohere vciy flightly, and 
eafily flip or Aide over each other. But that the 
particles of fluids are of the fame nature or figure 
Vol. II. B as 
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CAUSE OF FLUIDITY. 


as thofc of fblids, teems probable, from the very 
frequent converfion of the one into the other. It 
does not feem rational to fuppote that the particles 
of gold, lead, glafs, &c. when in fufion, are ren¬ 
dered fpherical by the action of the fire, and. when 
that adtion ceafes, that the particles refume their 
'termer figure, as the bodies become iblid by cooling. 
Neither can we eafily imagine, that the particles of 
water are changed by cold, when it becomes a lolid 
and britde lump of ice, and are again retaliated in 
their original form, when the ice, by difiolution, is 
again turned to water. 

c The original caute of fluidity, then, does not ap¬ 
pear to confift in the figure of the particles, but 
Amply in their want of cohefion. 
d If the particles of a body cohere ftrongly toge¬ 
ther, it is evident that they will not eafily move 
amongft each other. An imperfedt cohefion mute 
therefore be one of the properties of a fluid mafs; 
and that the fmallnefs of the particles is requifite 
to fluidity, will appear by confidering, that the fur- 
face of a body compoted of fmall particles mute be 
much more fmooth and even than the furface of a 

4 ■ . .> 

body compoted of larger particles: that two flat 
Bodies may be conceived to confift ..of particles fo 
fmall that their iiirfaces fl\all differ ,infenfibly from 

v ai »• * 

perfedt planes: that thefe bodies, if placed on each 
other, will Aide without the Jeaft fen Able friftion: 

• ■'» i i 

and that if the particles of thete bodies thus placed 
on each other be, by any means, deprived? of the 
whole, or the greatete part of their cohefion, the 

bodies 
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bodies will not only Aide on each other in.the juft 
mentioned plane, but the parts of the trials will alfo 
Aide on each other in any other direction whatfoever. 
Confequently they will readily yield to any impref- 
fion, and in yielding, be ealily moved amongft each 
other j that is, they will conftitute a fluid mals. 

But the enquiry, wherein confifts that change s 
which bodies undergo when their confiftency is al¬ 
tered fo as to make them aflume a fluid form, either 
denfc and almoft incompreflible, or vaporous and 
elaftic, belongs not to this place, but to chemiftry. 

That fcience, which treats of the effects ariling f 
from the weight of fluids, is called hydroftatics. 

The parts of fluids are heavy; but becaule the g 
tipper parts reft upon, and are fuftained by, the parts 
beneath, and becaufe, by the property of fluids, the 
parts are readily moved in all directions, upwards as 
well as downwards, they do not at firft confideration 
appear to be heavy. 

The bottom of an upright prifmical or eylin- h 
drical veflel is prefled by thd whole weight of the 
fluid contained ; and as the weight of the fluid is in 
proportion to its height, fo is likewife the prefliire. 
Thus, in the cylinder ab (fig. 114) when filled to 
c, the bottom is prefled by, or fuftains a certain 
weight, fuppofe one pound; if it be filled to d, 
the preffure becomes two pounds; if to a, three 
pounds, &c. tile heights between b, c, d, and a 
being iuppofed equal. \ 

The whole of any fluid trials may be imagined to 1 
conlift of a number of columns of an inconfiderable 

B 2 thickneis. 
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thicknefsj wluch Hand perpendicularly on the bale 
of the containing vefiel, and prefs the lame with 
their refpe&ive weights. The preffure, then, ■ if 
the height remain the fame, is as the number of 
columns, and this number is as the area of the 

k bafe. Confequently in veflcls whofe bales differ 
as to area, and which contain fluids of the lame 
denflty, but different heights, the preffure will be 
in the compound ratio of the bales and heights; 
that is, in numbers, as the area of the bale multi¬ 
plied by the height of the fluid in one veffel, is to 
the area of the bafe multiplied by the height of the 
fluid in the other veffel, lo is the preffure fuftained 
by the bafe of the one to the preffure fuftained by 
the bafe of the other veffel. 

L In like fituations, the preffures of fluids will be as 
their denfities. 

m The denfities being difcoverable molt readily by 
the different weights of bodies of the fame bulk, 
the comparative denfities of bodies are therefore 
called their fpccific gravities. 

n If the columns of which a fluid mals was lup- 
pofed to confift (3, 1) were formed of particles 
lying in perpendicular right lines, the preffure of 
the fluid would be exerted on the bottom of the 
veflel only; but, as they are fltuatcd in every irre¬ 
gular pofition, there muff, of confequence, be a 
preffure exerted in every diredtion; which pref¬ 
fure mult be equal at equal depths. For if any 
part of the whole mals were not equally prefled 
on all fides, it would move towards the fide on 

which 
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which the preffure was leaft; and would not Become 
<juiefcent till fuch equal preffure was obtained. The 
quiefcence of the parts of fluids is therefore a proof 
that they are equally preffed on all fides. 

On this account it is, that fluids, as far as they o 
are not prevented by external accidents, always con¬ 
form their upper furface to the plane of the hori¬ 
zon. For if any column or part of the fluid be 

% 

elevated above the reft, it will defcend partly by 
finking into the fluid, and partly by its lateral pref- 
lure, that will caufe it to fpread fideways over the 
furface, till it becomes uniformly of the fame height, 
or horizontal. 

The equal preffure of fluids in every direction, p 
being underftood, may be applied to account for 

4 * 

many phenomena that happen to them in different 
circumftances lome of which are the following. 

The horizontal bottom of a vefiel is prefled by, q_ 
and fuftaiqs no more nor left than the weight of a 
column of the fluid it contains, whofe bafe is the 
bottom itfelf, and whofe height if that of the fluid. 

In the veffel ecdf (fig. 115) the bottom cd r 
fuftains no more than the column abdc. For the 
other parts of the contained fluid can only prefs 
the column abdc laterally, and therefore contri¬ 
bute not at all to the increale of the weight or pref¬ 
fure on the bottom c d ; but reft intirely on the fides 
ec and fd. 

Alfo in the veflel ecdf (fig. 116), the bottom 
ef fuftains a preflUre equal to the weight of a 
column whofe bafe is e f, and height equal to c a. 

B 3 For 



6 HYDROSTATIC AI, PARADOX. 

For the preflure at a b is equal to the weight of 
the column iabd c, and its lateral preflure, which is 
equal to the feme weight, muft caufe the parts be¬ 
tween e a and u f to prefs the bottom with an equal 
force in proportion to the furfaces they cover. Con- 
lequently, the effedt will be the fame as if the whole 
fluid were of the height c a. 
t From thefc two cafes combined, the reafon is 

a 

evident, why fluids contained in the feveral parts 
of vefiels (fig. 117), remain every where at the 
fame height. For the loweft pare where they com- 
municate, may be regarded as the common bafe 5 
and the fluids, which reft thereon, are in equUibrio 
then only, when their heights are equal, however 
their quantities may vary. 

u The hydroftatical paradox, as by fbme it is called, 
depends on the equal preflure of the parts of fluids 
every where at the fame depth. It is this, 
v Any quantity of fluid, however fmall, -may be 
made to counterpoife and fuftain any weight, how 
large foever. 

w Let a dbg (fig. 118) reprefent a cylindrical 
veflel, to the infide of which is fitted the cover c, 
which, by means of leather at the edge, will eafiiy 
Aide Up and doWfi in the internal cavity, without 
permitting any water to pafs between it and the 
furface of the cylinder. In the cover is inferted 
the fmall tube’ tf, open at top, and commu¬ 
nicating with the infide bf the cylinder beneath the 
cover at c. 1'he cylinder is filled with water, and 
the cover put on. Then, if the cover be loaded 

with 
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with the weight, fuppofe of a pound, it will be 
deprefled, the water will rife in the tube^to e, and 
the weight will be fuftained. If another pound be 
added, the water will rife through an equal lpace to 
f, and the weight will be fuftained, and fo forth, 
according to the weight added, and the length of 
the tube. Now, the weight of the water in the tube 
is but a few grains; yet its lateral preflure ferves to 
fuftain as much as the weight of a column of water, 
whole bafe is equal to that of the cylinder, and 
height equal to that in the tube. Thus, the column 
ec produces a preffure in the water contained in 
the cylinder, equal to what would have been pro* 
duced by the column a ado; and, as this preffure 
is exerted every way equally, the cover will be 
prefled upwards with a force equal to the weight of 
Aado: conlequently, if AadD would weigh a 
pound, e c will fuftain a pound: and the like is 
true of other heights and weights. And by dimi- 
nilhing the diameter of the tube, any quantity of 
water, how ftnall foever, will, in theory, fuftain any 
weight, however large. 

The lame may be fbewn more limply thus: W 

Let aged (fig. 119) reprefent a hollow cylin¬ 
der, and m n a cylinder of wood, which nearly fills 
its cavity. In the cylinder, fuppofe a little water, 
whole furface is gb j then, if the wooden cylinder 
be put into the hollow one, the water will rife be¬ 
tween the furfaccs to a and d, and tl?e wood will be 
fuftained floating. The nearer,the wooden cylinder 
approaches to the fize of the cavity,. die lets water 
is neceflary for the experiment. 

B 4 
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CRAP. II. 

CONCERNING BODIES IMMERSED IN FLUIDS, AND 
THE METHODS OF FINDING SPECIFIC GRAVI¬ 
TIES. 


y I f a folid body be plunged in a fluid, it will be 
prefied on all fides, but not equally. Let dbec 
(fig. 120) reprefent a folid prifmatic body, im- 
merfed, with its axis vertical, in the fluid con¬ 
tained in the veflcl fgih, then the fides d c and be 
will be equally prefled ; the upper furface d b 
will be prefled with the weight of a enhimn, whole 
bale is d b, and height « u, and the under furface 
will be prefled upwards with a force equal to the 
weight of a column whole height is ac (4, n ). The 
body will therefore be impelled upwards by a force 
equal to the excels of ac. above ad ; that is, equiva¬ 
lent to the weight of a column of the fluid whole 
length is d c, the bafe being all along fuppoled to 
z be unvaried. Whence it appears, that every prifm, 
whofe axis is perpendicular to the horizon, will, 
if it be totally: immerfed in any fluid, be im¬ 
pelled upwards by a force, which is equal to the 
weight of a quantity of the fluid of the fame bulk 
with the prifm. And fince any folid whatfoever 
may be conceived to be formed of an indefinite 
number of fuch prifms, it is evident that the 
rule is true of all bodies, without refpeft to figure. 

But 
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But as all bodies, by the force “of gravity^tHId b 
downwards, it depends upon the abfoliue weight 
of ’the immerfed body, whether it Ihall'afcend or 

defeend. If the weight of the body exceed that 

' * 

of an equal bulk of the fluid, the excefs of force 
tends downwards, and it will defeend j but, on the 
contrary, if the weight of the body be 'lefs than 
that of an equal bulk of the fluid, the above- 
mentioned preflure will prevail, and it will afeend; 
if both be precifely equal, the body will remain at 
fefl: any where in the fluid. 

Thele things being conlidered, it appears that c 
any body, how heavy foever, may be made to 
fv.im, or any body, how light foever, to fink, if 
mean* be ufed to keep off the preflure of the fluid 
from the one or other fide, as ci'.c. ndances require: 
for if Ann- be fuppofed ro reprefenc an open d 

of a column of the fluid, and the 
i 'O'' y d a c i j be applied clofely to its lower orifice, 

! • that the fluid may not enter the tube, the pref- 
hire on b b will be taken oflf, and confequendy 
the body will be preflfed upwards with a force 
equal to the whole column ac. If that column 
be of fufficient length, .that is, if the body be im¬ 
merfed fufficiently deep, the preflure will exceed the 
gravity of the body, and therefore fuftain it. In the 
fame manner, if m be a body applied to the open t 
end of a tube, which is doled at n, the inferior 
preflure being taken off, the body will not rife, how¬ 
ever light, but remain immerfed, by means of the 
preflure on the fuperior furface. 

When 
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f WiVn at body floats at the furface Of a fluid, 
the quantity of the fluid, difplaced by the part 
immerfed, it equal in weight to the floating body. 1 
For flnce the body prefles downwards with its 
whole weight, it muft fink till the preffure, which 
the fluid exerts upwards, is equal to that weight. 
In this fituation, fuppofe the fluid to be con¬ 
gealed, and the folid then removed: a cavity 
will be left in the fluid correiponding in form 
and magnitude with the immerfed part of the 
folid. Imagine this cavity be filled with a quan¬ 
tity of the lame fluid, fo that its furface may be 
level with the reft, and die whole fluid then 
thawed. The fluid which occupies the place of 
the folid will then be prefled upwards with a force 
equal to that fuftained before by the lolid, namely, 
equal to the weight of the folid. But it is not 
moved by that force, for the furface muft conti¬ 
nue level (5, o), as before the thaw. The laft men¬ 
tioned quantity of fluid muft therefore prels down¬ 
wards with an equal force. That is to fay, the 
weight of a quantity of fluid equal in bulk to the 
immerfed part of a folid which floats on its furface, 
is equal to the whole weight of the folid* 

c By the fame argument, it follows, that if a 
floating body be loaded with weights, to as to caufe 
it to fink deeper in the fluid, the additional parts 
immerfed mil in bulk be equal toj or difplace, parts 
of die fluid, whofc weights arc equal to thofe the 
floating body was loaded with* 


Since 
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0 

Since bodies of equal bulks will lofe the^fl£"*«r 
quantity of abfolute weight when immerfed jn fluids 
of equal denfity, it fallows obvioufly, that me bulks 
of bodies are in proportion to the lo(s of weight 
they fuftain by irnmerfion in a given fluid. Whence 
we have an exaft method of determining the bulks 
of bodies whole weights are known, and from thence 
finding their fpecific gravities. For, , 

As the bulk of one body, or the weight it lofes 
by irninerfion. 

Is to its mafs of matter, or abfolute weight, 

So is the bulk of any other body, or the weight 
it lofes by irnmerfion, 

TO the mafs of matter, or abfolute weight, k 
would have had if of the fame fpecific gravity 
with the firft body. Which weight laft found 
being compared with the real weight of the 
Utter body, fhews the proportion of their fpe¬ 
cific gravities. 

For example: if 3402. of lead be weighed ia 1 
water, and the diminution be 3 oz. and 15 oz. of 
tin be alfo weighed in water, and the diminution 
appear 2 oz. it is required to determine the pro¬ 
portion of their fpecific gravities. For which pur- 
pofc. 

As the diminution in the lead 3, is to its weight it 
34* f° is the diminution in the tin 2, to the 
weight of a mafs of lead of the fame bulk 22^ oz. 
which is to 15 as the fpecific gravity of lead is to 
that of tin, that is to fay, in lower, terms, nearly 
«s Hr to yi. 

But 
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'ir-'TV'jt it is more ufual and convenient to make 
rain-waVrr the ftandard, and refer the other fub- 
ftances to it: thus, in the inftances juft mentioned, 
the weight of a mafs of water equal in bulk to the 
lead is 3 oz.: lead is therefore to water as 34 to 3, 
or as 11 * to 1 ; and in like manner, tin is to water 
as 15 to a, or as j' r to 1. 

m When the folia is lighter than the fluid in which 
it is weighed, an additional body of greater den- 
fity may be joined to it: for inflance, fuppofe a 
piece of cedar-wood, weighing 92 dwts. were re- 
quiied to be weighed j join to it, by means of a 
fmall hair or thread, a piece of lead, wliofe weight 
in water is known, and weigh them immerfed to¬ 
gether. The lead will then appear to weigh Ids 
by 58 dwts. than it did without the addidon of 
the cedari from whence it is evident that the ce- 

• dar is impelled upwards by a force that exceeds 
its own weight by that quantity, or, in other woi ds, 
that a quantity of water equal in bulk to the 
cedar, will weigh 92 f 58, or 150 dwts. i confe- 
quently the fpccific gravities of water and cedar 
are in proportion as 150 to 92, or in lower terms, 
as 1 to , 6 0 - nearly. 

n In this experiment it is neceflary firft to fmcar 
the wood lightly with fome fat fubftance, other- 
wife the water will be imbibed by the wood, and 
will render it fpecifically heavier than before. In 
faft, wood is not fpecifically lighter than water, 
but by means of the air-veffels which run through 
its fubftance. 


The 
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The belt method to difcover the fpecific gnydr. 
ties of fluids is, to weigh the fattie fubftanc^n dif¬ 
ferent fluids; and becaufe the diminution liiffers 
in weight is equal to the weight of a quantity 
of the fluid of the fame bulk, we thence obtain 
the weights of equal quantities of different fluids, 
and the fpecific gravities are as thofe weights; 
thus, if a piece of glafs weighed in the concentrated 
acid called oil of vitriol, lofe 85 grs. and when 
weighed in water only 40 grs. their fpecific gra¬ 
vities will be as thofe numbers, or in lower terms, 
as 21^ to 10. 

The hydrometer, or inftrument ufually applied 
to find the fpecific gravities of liquids, is con- 
ftrudled as follows: ab (fig. 121) is a tube 
of glafs, joined to a hollow ball c, at the bot¬ 
tom of which is a fmaller ball d. In the cavity* 
d is placed a quantity of quickfilver, by which 
the inftrument is fo poifed, that it fwims in 
proof fpirits of wine immerfed to the point m. 
A quantity of proof fpirits equal in weight to 
the whole inftrument, will therefore be equal in 
bulk to the immerfed part (10, f). If it be im¬ 
merfed in another liquid, whole fpecific gravity 
is greater, it will fwbn with the tube higher out 
of the water, fuppofe to the point b. Then the 
weights of the quantities difplaced remaining the 
fame, their bulks will be as the immerfed parts of 
the hydrometer, and the fpecific gravities of the 
fluids will be inverfely as thofe bulks. The 
proportion which any length of the tube bears to 

the 
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t he whole bulk of the inftrument being known, it 
will not be difficult to graduate the tube fo as to 
indicate 1 5 the fpecific gravities by infpedlion. • But 
this, however, is fcarcely ever done. 

This inftmment is very confined in its ufe. For 
if the liquors differ confiderably in fpecific gravity, 
they exceed the limits of the graduation: thus 
the hydrometer, adapted for fpirits, will fwitn 
in water with part of the ball above the furface; 
and if it be adapted to water,'it will not fwim 
in fpirits at all. It is true, this may be reme¬ 
died, either by lengthening or widening the tube: 
but the firft is inconvenient, and the latter would 
make the graduations fo lhort, as to render them 
of little ufe. 

11 To make this inftrument of more fervice, there 
has been added a little plate or difh d d (fig. 122) 
at the top of the tube, upon which may be placed 
weights, as convenience requires. For example, 
if the whole inftrument float immerged in fpirits 
lo the point m, it will require an additional weight 
to fink it to the fame depth in water. Suppofe the 
inftrument to weigh 10 dwts, and to be adjufted to 
reftified fpirits of wine, it will then require the 
addition 1 T V dwt. to fink it to the fame point in 
water. Confequently it appears, that the lpecific 
gravity of water is to that of fpirits of wine as r 1 
to io, or in lower terms, as 1 to 

s This is the beft hydrometer, both in refpeft to 
exa&nefs and facility in prattice. The inftrument 
ufed by the officers of Excife, is very well adapted 
B for 
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for its purpofe, which is more confined: it differs 
from that here deferibed, by having its a^lttionai 
freights ferewed on at a item at £. Thefe inftru- 
ments are ufually of copper. 

An attempt has been made * to adapt the hydro- t 
meter to the general purpofc of finding the fpecific 
gravity, both of folids and fluids (fig. 143.) a is a 
hollow ball of copper; b is a difli affixed to the 
ball by a fhort Gender ftem d ; c is another difli 
affixed to the oppofite fide of the ball by a kind 
of ftirrup. In the inftrument actually made, the 
ftem D is of hardened fteel, - 4 V of an inch in dia¬ 
meter, and the dilh c is lb heavy as in all cafes to 
keep the ftem vertical, when the inftrument is made 
to float in any liquid. The parts are fo adjufted 
that the addition of 1000 grains, in the upper 
difli b, will juft fink it in diftilled water, at the 
temperature of 6o° of Fahrenheit’s thermome¬ 
ter, fo that the furface (hall interfeft the middle 
of the ftem d. Let it now be required to find the 
fpecific gravity of any fluid. Immerfe the inftru¬ 
ment therein, and by placing weights in the difli 
b caufe it to float, fo that the middle of its ftem 
d (hall be cut by the furface of the fluid. Then, 
as the known weight of the inftrument added 
to 1000 grains; is to the fame known weight 
added to the weights ufed in producing the laft 
equilibrium: fo is the weight of a quantity of di- 
ftUled water difplaced by the floating inftrumentj 
to the weight of an equal bulk of the fluid under 

* By the author of this work. 

confideration. 
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confideration. And thefe weights give the ratio of 
the fpVu^fic gravities (4, m). Again, let it be 
required to find the fpecific gravity of a folid' 
body lefs tkan 1000 grains. Place the inftrument 
in diftilled water, and put the body in the difh b. 
Make the adjuftment of finking the inftrument 
to the middle of the Item, by adding weights in 
the fame difh. Take th'ofe weights from 1000 
grains, and the remainder will be the weight of 
the body. Place now the body in the lower difh 
c, and'add more weight in the upper difh b, til! 
the adjuftment is again obtained. The weight lafl 
added will be the lots the folid fuftains (8. z, a) 
by immerfion, and is die weight of an equal bulk 
of water. Confequently the fpecific gravity of the 
folid compared with water, is as its weight to the 
lofs it fuftains by immerfion. 

u This inftrument was found to be fufficiently ac¬ 
curate to give weights true to lefs than one twen¬ 
tieth of a grain. 

v Experiments concerning fpecific gravities are 
more difficult to be made with accuracy than au¬ 
thors in general feem to imagine. For we often 
fee tables of fpecific gravities carried to four, five, 
and even fix places of figures; whereas a difference 
of a few degrees in the temperature of the water will 
change the fourth figure. In different fpecimens 
of the fame wood, the fpecific gravities will vary 
in the third figure, as will alfo metals caft out 
of the fame melting, but cooled more quickly or 
flowly j and thefe alfo are alterable by hammer- 
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ing*. Natural and artificial compounds haj?c like- 
wife great varieties of denfity in the fevefal fpeci- 
mens denoted by the fame name. 

A Table of Specific Gravities, extracted from 

various Authors. 


Names 

Platina 

Gold 

G old ftandard of George 11 . 

Silver - 

Copper - 

Steel foft - 

Steel elaflic - 

Iron bar # 

Lead ... 
Tin - 
Mercury - 

Zink 

Regulus of antimony 
Regulus of arfenic 
ilifmuth - 

Cobalt, the regulus 

Nickel - 

• 

Regulus of manganefe 
Wolfiam, the regulus 
Common brimflone 
Fine glafs ... 
Plate glafs 
Plate glafs - 
Green glafs for retorts, &c. 


Authors. Sp. Gravity. 

Kirwan - - 23.000 

Mufchcnbroek 19.238 to 19.640 
Mufchenbroek - 17.150 

Kirwan, Mufchen, - 11.091 

Kirwan - P.7 to 9.300 

Mufchenb. - 7.738 to’7.895; 

Mufchenbroek - 7.809 

- 7.60 to 7.875 

ix.226 to 11.479 
7.000 to 7.450 


Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

Kirwan 

Kirwan 

Kirwan 

Kirwan 

Kirw.in 

Kirwan 

Kirwan 

De Luyart 

Mufchenbroek 

Mufchenbroek 

Mufchenbroek 

B. Martin 

Mufchenbroek 


13.55 to 14.no 
6.9107.24 
6.860 
8.310 

- 9.6 to 9.7 

7.7 

7.421 to 9.000 
6.850 
27.6 

1.8 

* 

3.15° to 3.380 
a.SSS 
z.'/S 

- ~ 2.6.20 


* Experiments frequently repeated by the Author have 
fttewn the fpccific gravity of two nearly equal fmooth cylinders 
of lead, call out of the fame fulion were to each other as 113S 
to 1123. 

f A chemical analyiis of wolfram. London, 1785. 
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Authors. 


Sp. Gravity. 

Crowngtafs 

B. Martin 

- 

2.5* 

White filial 

B. Martin 

- 

3-*9 

White flint ' 

Denfe glaft> for achromatic 

• 

— 


ufcs 

» 

The concave of an achro¬ 

F 

• 

X. 

3-437 

matic tens 

Calcareous fpar (calx aera^ 

* 

— 

3-436 

ta) from the fame piece 
Ponderous fpar or bar} tes 

— 

2.711 to 2.7*6 

vitriolata 

- 

- 

4 474 

Quartz 

Mufchenbroek 

- 

2.763. 

Rock cryflal 

Mufchenbroek 

- 

2.650 

Diamond 

M ufchenbrock 

3.466 to 3.654 

Rain-water - 

- 


1.000 

Difliiled water 

M ufchenbrock 


0.993 

River water 

Mufchenbroek 

- 

1 .CC9 

Sea water 

JV 1 ufchenbrock 

- 

1-030 

Saturate folution of fea-falt 

Mufchenbroek 

- 

1.244 

Concentrated vitriolic acid 

Bergman 

- 

2.125 

Concentrated nitrous acid 

Bergman 

- 

1.580 

Concentrated muriatic acid 

Bergman 

- 

1.1 

Concentrated fluor acid - 

Bergman 

- 

1.500 

Oil of amber 

Mufchenbroek 

- 

0.978 

Oil of fwcet almonds 

Mufchenbroek 

- 

0.928 

Oil of olives 

Mafchcnbioek 


0.9 r 3 

Naptha 

Mufchenbroek 

- 

0.708 

Rectified fpirit of wine 

M ufchenbrock 

- 

0.S66 

Alcohol 

Mufchenbroek 

- 

o.S 15 

Ether 

Mufchenbroek 

* 

0.73a 

Air at the earth’s furface 
Air. Barometer at 30 in. 

Mufchenb. 

o.cor 

* to 0.001“ 

Thermometer 

Atwood 

- 

0.001279 


CHAP, 
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CHAP. III. 

OF THE MOTION OF. FLUIDS WHICH ARISES FROM 
THE PRESSURE OF THSIR SUPERINCUMBENT 
PARTS. 

The preflure of fluids being (hewn to be in pro¬ 
portion to their depths (3, h) it will not be diffi¬ 
cult to find the celerities with which they fpout 
forth from fmall apertures in the fides or bottoms 
of veflels. 

For this purpofe lei: us fuppofe pq^sr 'fig. 120) 
to be a prifinical column of any fluid that pafies 
through a hole in the bottom of the veflel f hi c. 
If the height pq_be afiiimed indefinitely fmall, the 
prdTure by which the velocity is produced may be 
efteemed conftant, becaufe the column oprv, 
whofe weight (5, ) is the meafure of that 

preffure, does not acquire any definite incrcafe 
during the palT.ige of the column through its height 
p Q,. The weight of the column oprv exceeds the 
weight of the column p qjs r in the fame propor¬ 
tion as the height p o exceeds the height p anti 
confequently the action or preflure exerted on the 
column p qjs r exceeds its mere gravity in the fame 
proportion. Therefore, whatever may be the final 

velocity, or velocity of emiffion, produced in the 

♦ 

column p qjs r in palling through p q_, it will be 
required, in order to produce an equal final velo¬ 
city by the mere a&ion of gravity, that the fame 

C 2 column 
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_£©kimn fhould defcend through a fpace propor¬ 
tional)^ greater as this laft is lefs than the former 
force ( i, 36, h), namely through a fpace equal to 
y po. That is to fay, the velocity of any fluid ifiu- 
ing from a hole in the bottom of a veflH is equal 
to that which would be acquired by a body falling 
freely by its gravity through a fpace equal to the 
perpendicular height of the fluid above the hole. 

2 And becaufe fluids prefs equally every way at 
equal depths (4, n), this theorem holds good 
likewife widi refpeCt to fluids that fpout through 
apertures at the fides of veffels, or with any obliqui¬ 
ty whatfoever. 

a Hence the morions of fpouting fluids may be 
reduced to rule. For every part of the projected 
. ftream being confidered as a body in motion, thrown 
with a given velocity and direction, the fame 
principles will be equally applicable to fpouting 
b fluids and to projectiles of any o f her kind. Thus 
if the fluid fpout direCtly downwards, its velocity 
in any point of its courfe will be equal to the ve¬ 
locity of emiflion added to that which it would 
have acquired by gravity in its fall from the aper¬ 
ture; or, (20, y) which is the fame thing, its 
velocity will be the fame as if it had fallen from 
the furface of the fluid. If it fpout direCtly up¬ 
wards, it will {1. 31, p. 11. 20, y) proceed with an 
uniformly retarded motion, which will carry it to 
the level of the furface of the fluid in the velTel. 
If it fpouts in any other direction, its courfe will 
be nearly a parabola (r. 97, u). 


On 
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On thefe confiderations depends the performance c 
of fountains; for the conftrudtion of which there- 
is provided a refervoir, elevated confiderably above 
the plane in which the fountain is to be made. 

A pipe, communicating with the refervoir, is con¬ 
veyed to the middle of a bafon, and by means of 
a perpendicular fpout, called the adjutage, throws 
the water up in the air to a height which is in 
the level of the furface of the water in the refer¬ 
voir. 

But in applying thefe obfervations to practice, d 
there are many circumftances that tend to diminifti 
the quantities of motion. There are few fluids 
that have not a confiderable degree of cohefion or 
tenacity, which prevents their parts from moving 
as freely as otherwife they would have done; and 
the friction againft the Tides of tubes very much 
retards the motion of the included fluids, if the 
tubes be long, fmall or crooked, and the velocity 
great. The air which, extricating itfelf from the 
water, occupies the upper parts of bent pipes, is 
often a great obftacle to the courfe of the water, 
and not unfrequently flops its progrefs entirely. 

In fountains, efpecially where die fluid is thrown 
perpendicularly upwards, the part that is falling 
refts upon the afeending column, and prevents 
its arrivfrtff*at the height its motion would have 
carried it to; befldes which, the reflftance of 
the air, and other caufes, join in increafing the 
irjfne effect. We muft not therefore expert in 
thefe more than in other engines, that the per- 

, C 3 formance 
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formance will equal the theory; yet, it is not dif¬ 
ficult to make the proper allowances, fo as fp 
find their real effects by calculation; but our pur- 
pofe, being general, does not extend to the va- 
riety of particulars which offer themfelves. 


C H A P. IV. 

OF THE RESISTANCE WHICH FI.UiDS MAKE TO 

BODIES MOVING IN THEM. 

e When a body is immerfed in a mafs or quantity 
of fluid matter, and is in motion, it muft fepa- 
Tate the parts of the fluid from each other as it 
moves. If the parts of the fluid be without co- 
hefion or tenacity, this feparation will be attended 
with no difficulty; but if the tenacity be confi- 
derable, it will require a confiderable force to 
overcome it. A part of the motion muft there¬ 
fore be loft in producing this effeft. And, in 
the fame fluid, the more parts are divided in a 
given time, the greater quantity of the motion 
muft be loft or employed for that purpofe. But a 
body, moving through an uniform fluid, divides 
a greater or lefs number of its parts, in proportion 
as the velocity of its motion is greater or left. 
f Confequently, the refiftance which an uniform fluid 
makes, by reafon of its tenacity, to a body im¬ 
merfed and moving in it, is in proportion to tie 
velodty’of the moving body. 

But 
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But there is another refillance of greater confe- c 
quence, which fluids make to bodies immerfed and 
moving in them, and arifes from the inertia of their 
parts. For if a body be moved in a fluid, it muft 
give motion to a certain quantity of that fluid, 
and the reaction of that quantity will deftroy part 
of the motion of the body. Now a body moving 
through an uniform fluid, gives motion to a greater 
or Id’s number of its parts, in proportion to the 
velocity of its motion, and is therefore refilled in 
the Pimple proportion of the velocity on that ac¬ 
count. Again, a body moving through an uni¬ 
form fluid, communicates a greater or lels quan¬ 
tity of motion to each of its parts, in proportion to 
the velocity of its motion, and is therefore refilled 
in the Pimple proportion of the vdocity on that ac¬ 
count. On both accounts, then, the refillance h 
which arifes from the inertia of the fluid, is in the 
duplicate proportion of the velocity of the moving 
body. 

When the fame body is fpeken of, the refillance i 
and retardation follow the fame ratio - r but, indif¬ 
ferent bodies, they diifcr in the lame manner as 
.motion and velocity. Refinance fignifies the quan¬ 
tify of motion, and retardation the quantity of ve¬ 
locity which is deftroyed: for example, if a body 
K* projected with a given velocity in a fluid, and 
File half its motion by the refillance in a given 
time, its retardation will be half its velocity: but 
if another body of the fame bulk, but twice the 
weight or rnafs of matter, be projected with a 

C 4 like 
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like velocity in the fame fluid, it will be equally 
refilled; but, having twice the quantity of motion, 
will only lofe one-fourth of its velocity in thr famfc 
time. Thus, though the refinances be equal, the 
retardation in the latter inllance is only half the 
quantity of that in the former. 

X In fluids that are not glutinous, the refinance 
arifing from their tenacity is inconfiderable, efpeci- 
ally in fwift motion; in which cafe, the refiftance 
from the inertia increafing as the fquaies of the ve¬ 
locities, while that from the tenacity increafes only 
as the velocities themfelves, the proportion of the 
latter to the former becomes fo fmall that it may 
be negledled. It is ufual therefore, to ncgleft 
that refiftance which arifcs from the tenacity of 
fluid?. 

l In like circumflances, the refiftanccs of fluids 
are as their denfities. For the quantity of matter 
to be moved is in that proportion. 

M If a cylinder be moved through an uniform fluid 
in the direction of its axis, it will fuffer a refinance 
equal to that of a fphcre, whofe diameter and velo¬ 
city of motion in the lame fluid are equal to thofe of 
the cylinder. For proof of which, fuppnfe the 
cylinder to be quielcent in the middle of a prifmical 
canal or tube, its axis coinciding with that of the 
tube. Let this tube be filled with the fluid, and 
conceive the fluid to be moved through it with a 
given velocity. Then the fluid will pals between 
the tides of the tube and the cylinder, and its mo¬ 
tion will be impeded by its being reduced to pals 

through 
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through a narrower fpace. If the fphere be fubfti- 
tuted in the place of the cylinder, the fpace through 
tohich the fluid is reduced to pals will be precifely 
the fame, and confequently its motion will be 
equally impeded. And, becaufe aCtion and re¬ 
action are equal, the cylinder and fphere in thefe 
circumftances will be equally aCled upon by the 
fluid. Now, let the fluid be fuppofed quiefcent, 
and the cylinder or fphere moved with the fame 
velocity, and in the contrary direction to that in 
which the fluid was before moved; and the relative 
motions of the fluid and immerfed body will be the 
fame as before. Confequently, the cylinder and 
fphere, if moved with equal velocities through a 
prifmical veflel containing a fluid, will be equally 
aCtcd upon in the contrary direction to their mo¬ 
tions; that is, they will be equally refilled. And, 
ftnce this equality of refiftance does not at all de¬ 
pend on the magnitude of the prifmical veflel, the 
'doCtrine may be applied to bodies moving in an in¬ 
definitely extended fluid, or fluid contained in an 
indefinitely large prifmical velfel. It may, there¬ 
fore, be applied to all bodies in motion which are 
deeply immerfed in any fluid. 

1 lence it appears, that in order to maintain the n 
uniform motion of a body in a fluid, a conftant 
accefiion of force is required to overcome the refin¬ 
ance; but as in general, there is no fuch acceflion 
in the motions which are performed about us, they 
all decay by degrees, and at length terminate. 

It 
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o It likewife appears, that when a body moves in 
any fluid, and is afted upon by any conftant force,, 
it can obtain but a certain degree of velocity. • for, 
as the refiftance increafes with the velocity, but in 
a higher proportion, namely, as the iquares, (23, h) 
it is plain that the refiftance at a certain period of 
the acceleration will become equal to the conftantly 
a<£ting force} after which the body will proceed 
uniformly, and the conftantly a&ing force will be 
employed in overcoming the refiftance. On this 

account it is, that bodies that fink in water, or 

% 

other fluids, by the force of gravity, foon acquire 
their utmoft velocity, and afterwards proceed uni¬ 
formly. And, in like manner, a fhip, when it firft 
gets under way, proceeds with an accelerated velo¬ 
city, till the refiftance of the water becomes in 
equilibrio with the a&ion of the wind on its fails, 
but aftei wards proceeds uniformly, the force of the 
wind being entirely employed in overcoming that 
refiftance. 

p In mathematical ftriftnefs it is not. true, that a 
body in thefe ci.cumftances ever arrives at unifor¬ 
mity of motion; for the approach of the refift¬ 
ance to an equality with the impelling force is 
reprefented by a converging feries, the number of 
whole terms is infinite, and their fum in any finite 
time is lefs than the impelling force: but the latter 
terms foon become too fmall to be of any phyfical 
confequence. 

What is here laid of refiftance is to be under- 
ftood of bodies deeply immerfed in fluids, the 
;; 1 '* parts 
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parts of which arc comprefied together, and non- 
.elaftic or incapable of condenfation. Friction is 
likewife negledfced. Bodies moving at or near 
the fm faces of fluids, more efpecially if they be ob- 
tufe, caufe the fluid to rife into a heap before the 
body, at the fame time that it fubfides at the hinder 
part. And fo likewife, obtufe bodies, moving in 
elaftic fluids, condenfe that part of the fluid to¬ 
wards which they are moving, while the part from 
which they recede is rarefied. In thefe cafes the 
refinances are greater than would be deduced by the 
principles here treated of*. 

* Principia. II. § 8. 


BOOK 
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BOOK IT. 
SECT. IV. 


Of the Air or Atmofpiiere. 

CHAP. I. 

OF THE GENERAL PROPERTIES OF THE AIR, THE 
DIMENSIONS OF THE ATMOSPHERE, AND THE 
MEASUREMENT OF THE HEIGHTS OF MOUN¬ 
TAINS BY MEANS OF THE BAROMETER. 

w 

r Continual experience fhews, that we are im- 
merfed in a fluid which agitates bodies when it 
is in motion; refills the motions made in it; fuf- 
tains bodies floating in it; and, in fhort, differs 
very little in its general properties from the grof- 
ler fluids, .great rarity, elafticity, and tranfparency, 
being its diftinguifhing char afters, 
s The whole mals of,this fluid, with its contents, 
is called the atmolphere; a term made ule of when 
the effcfts that arife from its form, magnitude, 
denfity, &c. are confidered; but when the fluid 
of which the mafs is compofed is indefinitely fpoken 

oQ 
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of, with a view to develope its qualities, and con- 
fider it independent of the bodies immerfed in, or 
mixed with it, it is called the air, or air.. 

Air is a fluid, whole particles are not in con- t 
tad, and repel each other with a force that may 
be diminifhed, but cannot be deftroyed by any 
degree of cold kno.wn in the vicinity of the earth. 
For, if the particles were in contaft the fluid could 
nor b" compreffed, and if they did not repel each 
other, ti.e fluid rrvild nor expand when the com- 
prtiiii. is remove *. This property of the u 

air mev - (hewn by various methods: one of the 
funpi.'. is, ro pour a quantity of quickfilver in 
t ibc abc (tig. 12+), clofed at a, and open at 
c. Suf pole the tube to be filled with quickfilver 
to £> then the air inclofed in the leg a b will pre¬ 
vent its rifing higher than d. ' Mark f in the fame 
horizontal line with d, and (6, t) the column db 
will be in equilibrio with fbj confequently the 
quickfilver contained between f and d will not at 
all prefs on the air between a and d. But the 
column e f ading with its whole weight on the 
quickfilver between f and d caufes it to prefs on 
the air at d, and condenfe it. By increafing the 
quantity of quickfilver the condeniation is in- 
creafed, and it is found, that the fpaces into which v 
the air is condenl'ed by different weights are in- 
verfely as thofe weights; or its denfity is as the 
preflure it bears. 

One of the firft objeds of enquiry that offer w 
themfelvcs refpeding the atmofphere is its extent 

or 
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or magnitude. Experience allures us, that it is 

extended over the whole furface of the earth arid 

fea; and it is evident, from the fufpenfion and 

motion of the clouds, that its altitude is confi- 

* 

derable; but the meafurc of this altitude muft be 
obtained from its effects. Thus, if the fpecific 
gravity of the air be found, and alio its whole 
prefiure on bodies, it will be ealy to dilcover the 
quantity of the fluid, and its height, if fuppofed to 
be uniformly denle. Another method of difcover- 
ing the height of the atmofphere is deduced from 
optical confiderations, by obferving the effedfc it has 
on the light of the Sun. 

x To find the fpecific gravity of the air, let a b 
(fig. 125) reprefent a bottle, whole contents are 
exactly known; for example, fuppole it capable 
of holding two pounds of rain-water; let a valve, 
opehing outwards, be fitted at a, and the air be 
exhaufted from within by means of the air-pump, 
hereafter to be deferibed j let the velTel thus ex¬ 
haufted be weighed in water, or any other denfe 
fluid, in the vclfel m n, as reprefented in the figure, 
after which let the air be admitted. An additional 
weight of about 14' grains will be required to 
reftore the equilibrium : therefore, the air contained 
in the veflfel a b weighs 144. grains, the proportion 
of which to two pounds is 1 to 800, or 4 to 
1000. 

y In this experiment the vefiel b is itnmerled 
in water,~that the fulcrum of the feales being left 
loaded, may turn with lefs friction, and confe- 

quently 
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quently *be more fenfible. It is attended, however, 
wi^h fomc difficulties; the chief of which, confifis 
In the attra&ion or repylfion exerted at the furfacc 
of the water, and this is confiderable enough to 

4T 

induce Co me philofophers to weigh the bottle with- 

* 

out immerfing it. 

The fpecific gravity of air, being thus difeovered, z 
its preffure may be found by the Torricellian expe¬ 
riment, lo called from its inventor Torricelli us. 
Let ab (fig. 126) reprefent a glafs tube of the 
length of 35 inches or upwards, clofed at the end 
a, and open at b, fill the fame with quickfilver, 
and dole the orifice at b with the finger, or other- 
wife : immerfe the end b in the veflel of quickfilver 
cu, and remove the finger from the orifice; the 
quickfilver will then fubfide tq n in the tube at the 
height of about 30 inches. 

This phenomenon is readily explained on the a 
common principles of hydroftatics: for which pur- 
pofe it mud be remepibcred, that the preffure a 
body, immerfed in the veflel c d, would fuftain, is 
not only that which arifes from the weight of the 
quickfilver, but likewife from that of a column of 
the atmofphere, incumbent on its furface; fo that 
every column of the quickfilver prdles with a force 
that exceeds its own weight. When the tube is in¬ 
verted into the veflel of quickfilver, the furface of 
the column it contains being defended from the 
preffure of the atmofphere, by the clofure at a, can 
prels.downwards with no more than its own weight; 
and will, therefore, be in equilibrio with the preffure 
. . the 



32 TORRICELLIAN EXPERIMENT. 

the quickfilver in the veffel exerts againft its de¬ 
ice nt, then only, when it is fo much longer, that 
the additional quickfilver may be equal to the 
additional weight which a fimilar column in the 

i ‘ _ ' 

vefiel receives from the preffure of the amiofpherc$ 
b that is to fay, the preffure of the atmofphcre on any 
given furface is equal to the weight of a column of 
mercury, whofe bafe is the given furface, and height 
equal to that at which it Hands in the Torricellian 
tube; and this preffure is the weight of a column 
of air, whofe bafe is the given lurface, and height 
equal to that of the atmofphere. Or, generally, 
becaufe the bafes may be fuppofed not to vary, the 
preffure of the atmofphere, is as the height of the 
mercury in the tube. 

* , 

An inftrument confiding of a Torricellian tube, 

with a fcale adapted for meafuring the heights of 
the mercury, is called a Barometer, 
c It has been fhewn, that when the air is con- 
denfed, its dentity is in proportion to the weight that 
compreffes it (29, u). By means of the Torricel¬ 
lian tube it may be obferved, that the fame pro¬ 
portion obtains when it is rarefied by taking off 
part of the weight of the fuperincumbent atmo¬ 
fphere. For, in any elaftie fluid at reft,, the fprtng 
muft equal the comprefling force (1. 22, r)j and 
if any part of that force be taken away, it muft 
expand tip the fpring becomes equal to the re- 
mainder j whkh will happen if the, elafticity of {he 
fluid be weakened by expanflon. And flnee the 
preffures of jluids are as their heights (3, h) 

6 the 
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the pre flare of the mercury in the tube ab (fig. 126) 
will be equal to that in die tube a b, when the mer¬ 
cury refb at n in the fame horizontal line with n. 
Now/ if a bubble-or fmall quantity of air be admit- 

9 

ted into the tube a b, it will deprels the mercury* 
below the mark n, till its fpring, and the weight of 
the mercury remaining in the tube, be in equilibrio 
with the prefliire of the atmofphere; that is, if the 
mercury be deprelfed to m, that part of the weight 
of the atmofphere which correfponds with the 
quantity of mercury M b, will be fuftained by the 
weight of the mercury, and the remainder m n will 
be. fuftajned by the fpring of the included air. The 
included air then, being prefled by a weight leis 
than that of the whole atmofphere, becomes rare¬ 
fied or expanded. By varioufly inclining the tube, 
or by immerflng its lower end to. greater depths 
in the bafon, the included air may be made to bear 
more or Iefs of the weight of the atmofphere, as 
may be gathered by meafuring the perpendicular 
altitude of m above the furface of the quickfilvqr 
Contained in the veflel c d, and fubtrafting it from 
the altitude b n, which correfponds with the weight 
of the whole atmofphere, and ics contraction or 
dilatation obferved: whence it appears, that the 
denfity of air, though gready rarefied, is propor¬ 
tional to the comprefling force. 

If two columns of uniform fluids, whole fpe- 1 
cific gravities differ, be equal in weight, and Hand 
on equal bales, their heights will be reciprocally as 
their fpccific gravities (4, l, m. 6, t). The fpecific 

Vol. II. D gravities 
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gravities of quickfilver and air are relpe&ivcJy 
140x9 and x^: therefore, 

4 

A s the ipecific gravity of 
air, - - - - 

Is to the fpecific of mer- * 

cury, - 14019 

So is the height of the 

column of mercury, - 30 inches. 

To the height of an equal 

column of air - - 336 456, or 54 EnglilTi 

tniles. 

e This would be the height of the atmofphere, if 
it were uniformly of the fame denfity; but as that 
is not the cafe, on account of the elaflicity which 
caufcs the upper parts to expand in proportion 
as the weight of the, fuperincumbent parts becomes 
lefs, the altitude mud: be much greater. 
t The denfity of the air in that part of the atmo¬ 
fphere in which we live being fhewn to be as the 
weight that comprelTes it, it is plain, if the confti- 
tution of the air in the fuperior regions be of the 
fame kind, that its denfity at any altitude will be as 
the weight or quantity of the luperincumbent air. 
Suppofe Am (fig. 127) to be a column of the 
atmofphere, and imagine the fame to be conti¬ 
nued at pleafure beyond m, fo as to reach its utmoft 
limits. Let this column be divided into an inde¬ 
finitely great number of equal parts, a b, be, cd, 
&c. and the quantity of air contained in any one 
of thofe parts, or its denfity, will be in proportion 
to die quantity of air which is fuperincumbent on 

that 
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that part Now, the difference between the quan¬ 
tities of air incumbent on any two contiguous parts 
is the quantity contained in the uppermost of thole 
parts/ that is, for example, the quantity fuperin- 
cumbent on d is lefs than that which is incumbent 
on c by the difference or part cd: therefore the 
quantities contained in the equal parts or divifions 
are the differences between the incumbent mafles of 
air taken in a regular fucceflion; and thefe quan¬ 
tities or differences have been Ihewn to be in pro¬ 
portion to the incumbent mafles. * Now, it is 
demonftrable, that if any fucceflion Or feries of 
magnitudes do increafe or decreafe in fuch a man¬ 
ner, that the differences lhall be in proportion to 
the magnitudes themfelves, then thofe magnitudes, 
and confequendy their differences, lhall be in a 
continued geometrical progreflion: whence it fol- g 
lows, that the denfities or quantities of air contained 
in the equal diviflons or parts a b, b c, c d, &c. muff 
decreafe in a continued geometrical progreflion. 

On thefe confidcrations is founded the barome- h 
tric.il method of meafuring the elevations of moun¬ 
tains, or other eminences. The principles made 
ufe of may be explained as follows: 

If a barometer were carried upwards with an r 
uniform motion through the coiumn of air A m, 

.. f 

* Let a, b» c B Jb &c. be magnitudes, whofe differences are 
as the magnitudes themfelves* 

' That is 
Then 
And 

D 2 


a—b : b i: l — c : c : : is &c. 
a ezzb b, b d~c c, &c» 

S • b • C m df 





36 BAROMETRICAL MEASUREMENT 

(fig. 127) its elevation above the Turface of the 
Earth would incrcafe by the continual addition of 
the equal (paces a b, be, cd, &c. fo as to be fuc- 
ceflively reprefented by the natural feries of the num¬ 
bers 1, a> 3, &c. but the mercury in the tube 
would continually defeend fo as to pafs through 
heights that would be proportional to the preffures 
Of denfities of the air (52, b, c) at a, b, c, d, &c. 
k that is to fay, while the elevations above the fur- 
face of the earth increafe arithmetically the heights 
of the mercury in the tube will decreafe in a con¬ 
tinual geometrical feries (3 5, o). 
l Now, it is well known, that if a continued 
geometrical feries, beginning with unity, be ranged 
in order, with an arithmetical feries, beginning 
with o, or a cypher, die numbers of the latter feries 
will be the logarithms of the correlpondent num¬ 
bers of the other. Such are the numbers before 
us; for the greateft denfity of the air, or greateft 
height of the mercury, may be called unity, and 
anfwers to an elevation of o, or nothing above 
m the Earth's furface. The elevations above the 
Earth’s furface will therefore*be the logarithms of 
the heights of ‘the mercury in the barometer. 
n If therefore we were provided with a tab>le of 
logarithms, or an arithmetical feries of known 
unities or meafures, adapted to that geometrical 
feries which exprefles the gradual delcent of the 
mercury, while it is carried with an uniform mo¬ 
tion upwards, the differences of the logarithms of 
any two given heights of the mercury would in 

fa£t 
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faft be the difference of the elevations above the 
Earth's furface, or it would be the perpendicular 
fpace through which the barometer had been car¬ 
ried, in order to produce that defeent of the mer¬ 
cury. 

Rut as there is no fuch table in being, it would o 
become neceflary to compute diredlly from the pro¬ 
perties of the geometrical feries., if there were not a 
method of applying the common tables of loga¬ 
rithms to this purpofe. It is a property of all loga¬ 
rithms, that if the difference between the logarithms 
of two numbers be taken i« one fet of logarithms, 
and the difference between the logarithms of the 
lame two numbers be taken in logarithms of 
another form, the proportion between thefe two 
differences will be conftant for all pairs of num¬ 
bers fo taken*. From hence if the difference of 
two elevations be experimentally found, and the 
refpedUve heights of the mercury obferved at each, 
it will not be difficult to deduce any other difference 
of elevation from obferyations of the heights of the 
mercury at each* 

* In the following feriep, 

b. 3. 6. 9. i*. 15. logar. 

o. a. 4. 6. 8. 10. logar. 

1. n. n* n* n 4 n f nambers, 

it it obvious, that the logarithm of any somber in one feries 
has a .conftant ratio to the logarithm of the fame number in 
, Che other feries. And the differences between the logarithms 
of two given numbers in the two feries of logarithms will hare 
the fame conftant ratio, as being the logarithms of one and 
fhe fame number, namely, the quotient of thofc two number?. 

D 3. Art 
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p An example will render this clear. Suppofe the 

height of. the mercury-in a barometer be 29.565 

inches, and the height of the mercury in another 

■ • 

barometer, placed at art elevation of 71 o feet above 
the former be 28.770 inches, it is required to find 
the . difference of elevation of two barometers, whofe 
mercurial columns ltand refpedively at 28.9 inches, 
and 27.5 inches. 

0^ If the altitude of the mercurial column, 30 
inches, be taken as unity, or the firft term of the 
geometrical feries, the two firft altitudes will be¬ 
come fractions — -54--, and of that unity, the 

number 710 being the difference of the loga¬ 
rithms, or correfpondent terms of the arithmetical 
feries of elevation, taken m feet. Take now the 
difference of the common logarithms of thofe frac¬ 
tions, or, which is the fame, the difference of the 
logarithms of their numerators, thus: 

. 29.565 its logarithm, - - 1.4707779 

28,770 its logarithm, - - 1.4589 399 

Difference, .0118390 

r And this difference .0118380 will bear the fame 
proportion to the difference of elevation 710, as 
the difference of the common logarithms of any 
other two altitudes of the mercury will be to the 
difference of elevation between them (37, o): fo 
that with refpedt to the thing required. 

Froth the logarithm of 28.9 - 1.4608978 

Take the logarithm of 27.5 - 1.4393327 

The difference is .0215651 
And as *0418380 : 710 :: .0215651 : 1294 feet. 

As 
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As the two firft terms are of conftant u(e in s 
thefc computations* it will be advantageous to 
' reduce them to the fimpkft expreffion: thus* as 
.0118380: 710 :: it 60000 nearly; fo that, inftead 
of working the proportion with the two firft terms, 
it will be fufficient to multiply the difference of 
the logarithms by 60000, and the product will give 
the elevation in feet of one barometer above the 
other. 

But to multiply this difference by 60000 is the t 
fame as to multiply it by toooo, and by 6. The 
multiplication by 10000 is effected by moving the 
decimal point four places farther to the right: 
whence it is feen, that the decimal point being 
removed four places to the right, converts the 
difference of the logarithms into a number that 
requires to be multiplied by 6 to reduce it into 
feet. The number itfelf is therefore the height in u 
fathoms and decimal parts: 

Confequehdy, the fhorteft general rule for v 
meafuring heights by the barometer is, take the 
difference of the logarithms of the heights of the 
mercury at both ftations, and the four firft figures 
following the decimal point will be the fathoms* 
and the reft a fraction of a fathom, exprefling the 
elevation. < 

It is evident, however, that this rule fuppofesw 
the fpecific gravity of the mercury to remain unal¬ 
tered, becaufe its height could not otherwife be a 
fettled meafure of the denfities of the air that fuf-> 

1 

tains it. It is likewife implied, that the denfity of 

D 4 -the 
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the air is fubje& to no other change than may arife 
from its diminifhed compreffion in afeending to* 
wards the upper regions of the air: but neither of 
thefe pofitions can be admitted in the adhial prac- 
x tice. For all bodies expand and occupy larger 
ipaces when their temperature is increafed. The 
mercury in the barometer, when heated, will be 
fpecifically lighter, and will confequendy afeend 
from that caufe, even though the preffure of the 
air fhould remain unchanged: and the air, when 
expanded by the fame agent, will not diminifh its 
preffure after the ufual ratio in afeending: or, if 
the fame geometrical feries be fuppofed to be re¬ 
tained, the unity of its logarithms will be greater 
than before, and the general rule, (39, v) inftead 
of giving fathoms, will give a number of fome 
larger meafure. Thus, we fee, that the rule can 
be true only with refpeft to air of a, given tem¬ 
perature, and that in all other cafes it will require 
to be correfted. 

y By a very valuable fet of experiments it is found, 

„ that the . mercury in a barometer changes its alti¬ 
tude by heat, according to the following table: 
r If the mercury in the barometer ftand at 30 
inches when the temperature is 32°; its changes 
will be fog every degree, 
between between between between 
oandja 0 33? and 52* 62 and 72 72 and 93 

falls 0.0034 inch. rif. O.P033 rif. 0.003* rif. 0.0931 

a In order therefore that we may know the effett of 
the air’s preffure on the barometer, it is required, 

that 
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that its height fhould be cor re ft ed by the addition 
or fubtraction pf jthefe quantities, according to the 
number of degrees of temperature abqve or below 
3 2°, and in proportion to its height. 

It is alfo pretty well ellablHhed from barometric * 
cat obfervations, and from experiments made with 
air of various densities. that its expan lions by heat 
are as in the following table. The height of the 
mercury is taken to be the mean between the heights 
at the extremities of the column of air, and the 
column entitled correction (hews the expanfion or 
diminution of the column of air in thouiandth parts c 
of the elevation given by the general rule (39, v). 

Mean height of barometer 30 inches. 


Mean 


emperature 


Corre&ion. 

Difference for 

of the air. 



I inch barom. 

9a 0 

4 i 

a m 

156.381 

6.0925 

82 

SLf 

3 3 

131.188 

£.111 

72 

a Z 
%* 

105.047 

4.0925 

6 a 

78.427 

3-0555 

5* 


5* -33$ 

2.0000 

42 

1 

25.193 

O.9816 

32 

O. 

O. 

22 

9 

CO 

24.242 

O.4722 

12 


47*532 

019259 


The philofopher who undertakes to meafure d 
heights barometrically ihould be provided with two 
portable barometers, of the beft conftru&ionj on 
which he rtiay read off the height of the mercurial 
columns to the 500th part of an inch; each baro¬ 
meter 
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meter mud be fitted up with an attached thermo¬ 
meter, let in the wooden frame in the lame manner 
as the barometer-tube is. It is convenient that the 
ball of each thermometer be nearly of the fame 
diameter as the barometer-tube: he Ihould alfo Be 
provided with two other thermometers, detached 
from the barometers. One barometer with its 
attached and detached thermometers is to be placed 
in the lhade, on the eminence, whofe height is re¬ 
quired, while the other remains in the plain below. 
Thefe mull be differed to continue in their places at 
lead a fufficient time for the detached thermometer 
to acquire the temperature of the air, that is to fay, 
till it ccafes either to rife or fall. The obferver on 
the eminence mud then make an obfervation of the 


height of the mercurial column, and alfo of the tem¬ 
peratures exhibited by the attached and detached 
thermometers at the fame time that the obferver in 
the plain ^performs the like with the indruments 
below. It will tend much to diminilh the errors, if 
three or more fets of obfervations be taken at each 
ftation after Ihort intervals of time, and the mean 

of the whole be made ufe of as the true obferva- 
« 

tion. 

The nearer thefe directions are adhered to the 
more accurate will be the refult; but they will 
admit of confiderable deviations in foe practice. 
In cafes where besier indruments cannot be had, 
any well; made portable barometer, graduated fo as 
to foew the true fall of the mercury, may afford 
obfervations by no means to be defpif^d. For a 

fmall 
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fmafl error In the pofition of the zero, or lower 
point, from which the fcale Of inches begins, pro¬ 
vided the point be fixed, will not fenfibly .affeft the 
refiilt; and the attached thermometer may be dif* 
p^nfed with, if iin hour or more be allowed for the" 
mercury in the barometer to acquire the tempera¬ 
ture of the furrounding air, which is fhewn by the 
detached thermometer. A fingle barometer may 
fupply the place of two, if the obfervations can, 
within any moderate fpace of time, be made firft 
in the plain, then on the mountain, and again re¬ 
peated on the plain: becaufe it may reafonably be 
prefumed, that if the two fets of obfervations on the 
plain agree together, the common denfity of the air 
below has not changed during the operation. The 
obfervations being made, the height may be de¬ 
duced according to the following fummary of the 
contents of the preceding pages: 

Firft. Reduce the height of the mercury in each r 
barometer to the height it would have ftood at in 
the temperature of 32°. This is done by adding 
to the height, or fubtra£ting from it the quantity 
indicated in the table (40, z, a) for that pur- 
pofe, according to the number of degrees the 
attached thermometer Hands below or above 32°, 
and the obferved height in the tube. 

Secondly. Take the difference of the logarithms G 
of the reduced heights of the mercury in each baro¬ 
meter; of this difference, the four firft figures on 
the left will be the logarithmic elevation iq,fathorns, 
the remaining figures being a decimal. This will 

be 
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be the true elevation, if the mean between the. te$i* 
peratures indicated by the detached thermometer 

be 32 0 . . ' 

, « • 

Thirdly. But if the mean temperature of the 
column of air, as indicated by the detached ther- 
mometers, be above or below 3 a 0 ; find the mean 
between the two altitudes of the mercury; extrafk 
from the table (41, c) the two numbers in the 
column of differences that range oppofite the two 
temperatures, between which the mean temperature 
of the column of air lies; multiply each by the 
number of inches (and parts, if the elevation be 
great) which the mean altitude of the mercury 
differs from 30 inches. SubtraCfc thefe products 
from the refpeftive oppofite numbers in the column 
of corrections, if the mean altitude of the mercury 
be lefr than 3p inches, but add, if it be greater. 
Find the difference between thefe two remainder*, 
or fums, and multiply it by the number of degmes 
by which the mean temperature exceeds the lower 
of the two adjacent temperatures in the table, 
Divide this produ£l by 1 o, and add the quotient to 
the |eafr of the two remainders or fums, laft men¬ 
tioned. The fum will be the true correction ip 
thoufandth parts of the logarithmic elevation. Re¬ 
duce it into fathoms, by multiplying ip into the 
logarithmic elevation, and dividing by iooq. This 
quotient being added. to the logarithmic elevation, 
if the mean temperature exceeds or fubtraded, 

if it fall Ihort, of 32°, will give the true elevation 
or perpendicular diftance between the two barq T 
meters* 


Example. 
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Example. Suppofe the following dbftrvations x 

to be made* it fe required to find the elevation* or 

vertical diftance between the barometers. 

• • 

« * • , 

Lower Ration. Upper Ration. 

Caernarvon quay. Peak of Snowdon. 

Height of Mercury, 29.976 in. 26.289 inches. 
Attached thermometer, 6 24.® - 461° 
detached thermometer, 62 - 46 

The computation. By the table (40, z) the k 
reduction for the lower barometer comes out 0.1, 
which, fubtrafted from 29.976, gives 29.876. By 
the lame table, the reduction for 4 6~ 9 , with a co¬ 
lumn of 26 inches, comes out .042, which, fub- 
trafted from 26.282, leaves 26.240 inches. Now, 
the logarithms of the reduced altitudes, 29.876, and 
26.240, are 1.4753225, and 1.4189638, the diffe¬ 
rence of which is .0563587, or (43, o) 563.587 
fathoms. 

The mean temperature between 62° and 46° is l 
54®, and confequently the logarithmic refult will 
require corrections by the fecond table. The mean 
between the two barometrical heights is 28 inches, 
or 2 inches below 30. The two numbers in the 
column of difference oppofite the temperatures 52* 
and 6a° are 2.0000, and 3-0555} thefe, multiplied 
by the number of inches, or 2, give 4.0000 and 
6.II1; die number 4.0000, -fubtrafted from its 
oppofite in the column of correction, 51.33-5, leaves 
47 * 335 * "nd *he number 6.m, fubtrafted from 
78.427, leaves 72.316* the difference between 

thefe 
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thefc remaiftders 47.535 and 72.316 is 34.981# 
1 which> multiplied by 2, the number of degrees bf- 
which the mean temperature 54 0 exceeds 52% the 
lower of the two adjacent temperatures in the table* 
gives 49.962. This product, divided by 10, is 
4.9962; which quotient, added to 47.335, the lead: 
of the two remainders, makes 52.331, the true cor¬ 
rection in thoufandth parts of the logarithmic ele¬ 
vation. 

m The true correction 52.331, being multiplied by 
the logarithmic altitude 563, produces 29462.353, 
this divided by 1000 affords a quotient of 29.462353; 
which is the true correction in fathoms, to be added 
to the logarithmic elevation, becaufe the mean 
temperature exceeds 32 0 : the fum, namely, 
563.587, added to 29.462353, makes 593*049353 
fathoms, or 3558.297118 feet, for the true ele¬ 
vation required*. 

n The intelligent reader will readily perceive, that 
though the decimals in this computation are moftly 
retained, yet, it will in general be fufficiendy exaCt, 
and much lefs operofe, if only the two firft decimal 
figures of any number be retained, 
o The advantages of this method, compared with 
the geometrical method of meafuring elevations are, 

*• ' t » >■ ■* 

* This method, which is taken from Col. flop’s excellent 
paper in the 67 th volume of the Philofophical Tranfaftions, 
may be rendered more egfy in the pra&ice, by extending the 
tables fo as to give the correftions at fight, as in fome meaTure 
done in the original; but the brevity of .the prefent work pre¬ 
vented their being copied here. 


firft. 
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firft, the inftruments arc neither very expenfivc no^ 
even difficult for an ingenious philofopher to make . 
in any country where he can procure quickfilver 
and glafs tubes; but the geometrical method de¬ 
mands inftruments of confiderable price, which can 
icarcely at all be conftrudted by the moft ingenious 
perfon who is deftitute of the tools, and unac¬ 
quainted with the artifices required to render them 
correct. Secondly, The barometers require no 
other adjuftment than to obferve previoufly, whe¬ 
ther they agree, and to allow for their difference. 
The barometrical obfervations are like wife eafily 
made; whereas, on the contrary, the previous adjuft¬ 
ment and fubiequent ufe of inftruments for mca- 
furing angles require a degree of precifion and 
(kill not ufually obtained without pradticc. Thirdly, 
The error of obfervation in the barometrical method 
for all elevations is nearly a conftant quantity, never 
amounting to fo much as half a fathom for a mif- 
take of the 500th of an inch; but any error either 
in the meafurement of lines or angles proportionally 
affedts the refult; fo that the greater the elevation 
required to be meafured, the larger the quantity of 
error. Fourthly, The barometrical obfervations re¬ 
quire no particular circumftances of advantage, 
either in the figure or fituation of the mountains 
required to ^e meafured, nothing more being re¬ 
quired than that both ftations be acceflible. Thefe 
obfervations, and the computation, are perform¬ 
ed after the fame method in all cafes; but in 
the geometrical method, if the horizontal diftance 

of 
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» *i 

* \ 

f 

of the two ftations be confiderable, or if there bS 
not a convenient plain for meafuring a fundamental 
bafe, the operation becomes very complicated, and 
the chance of error is multiplied. 

p It muft not, however, be difguifed, that the prin- 

* 

dples of the geometrical method are eftablifhcd 
and fure, and that an extreme degree of exaftneis 
may be obtained in this way by good inftruments 
in the hands of a fkilful obferver. Whereas the 
modifications of the atmofpherak with refpeft to the 
effefb which exhalations of various kinds, and the 
greater or lefs abundance o. the eledtric matter, 
may have in expanding the air, without changing 

its temperature, are not yet fufficiendy known to 

\ 

render the corrections altogether as perfect as might 
be wifhed. Future obfervations mult point out 
thefe, and m the mean time it is to be remembered, 
that the elevations determined by the barometer, 
when the extreme temperatures of the column of 
air do not gready differ, and when the air is cold 

and dry, are moft to be depended on*. 

■ / 

* For a more full account of this curious fubjeft, confult Dte 
Luc's Recherches fur lea Modifications de 1’Atmofpherc. Sir 
Geoge Shuckburgh’i valuable Obfervations made in Savoy, 
in order t^yfce'rttuu the height of mountains by mean* of the 
barometer, inferred in the Philofopbical Tradhilions, vol. 67 . 
with Col. Roy’s, and Mr. de Luc’s papers; in the fame vo- 
lume: alfo Damen’s Difiertatio Phyfica et Mathematics de 
Montium Allitudine barometro metienda; and the author* 

m K ‘ 

by him cited. ' * ' 
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CHAP. II. 

or THE REFRACTIVE POWER OF ^HE AIRj AND 

THE CAUSE OF TWILIGHT. 

That the celeftial {pace or heavens is either o,. 
nearly or abfolutely vacuous, ’appears from the 
finall refinance the planetary bodies fuffer in their 
motions! fuch remittance, if it obtain at all, being 
too minute to be clearly afeeftained by any obferva- 
tio.ns we are in poffeffion of. Light therefore, 
when incident on our atmofphere, pafles from a 
rarer to a denier medium, and ought, according 
to the principles of optics, to be refrafted towards 
the perpendicular ( i. 26a, a). And this is accord¬ 
ingly the cafe. Let the circle a b c (fig. rjo) R 
reprefent a fedtion of the Barth, and the external 
concentric circle the furface of the atmofphere; let 
h n be the fenfible horizon of a place a, and $ the 
Sun beneath the horizon; then a ray of light inci¬ 
dent on the furface of the atmofphere at 1, will, in- 
ftead of proceeding to a* be refradled towards the 
perpendicular 1 a, and that continually the ^pre as 
the denfity of thb medium becomes greater, fo that 
it will arrive at a after palling through the curve 
1 a; and a fpedUt or at a will behold the Sun in the 
line of the laft direction of the ray, namely, in that 
of a s, the tangent to the curve. The apparent cle- s 
vation .whfch a celeftial body fullers when its rays 
Vol. 11 . £ fall 
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fall with the greateft.. obliquity, to wit, when it is 

feen in the horizon, is, about thirty-three minutes 

% 

of a degree: at other altitudes the differences be¬ 
tween the true and apparent places are lefs,> the 
incidences and refractions being lefs confiderable. 
t Hence it comes to pafs, that we fee the celeftial 
bodies for fome time after they are fet, and before 
they rife in reality, by which means we enjoy 
about three days in the year more day-light than 
other wife we fhould: but in* the northern parts, 
where the fun rifes and fcts more obliquely, and the 
atmofphere being condcnfed by cold, refrafts more 
ftrongly, the difference is much greater, 
u The refraction, as well as all the other pheno¬ 
mena produced by the atmofphere, are variable, 
ns the denfity of the air changes. This variation 
renders the obfervation of low altitudes uncertain, 
as the allowance for refraftion cannot be collected 
with great precifion from any tables. The trigo¬ 
nometrical admeafurement of the heights of lofty 
mountains is likewife rendered lels accurate from 
this caufew 

- v A method of difcovcring the height of the atmo- 
fphere is deduced from obfervations of the morn- 
, ing and evening twilight. Notw«hftanding the 
very great tranfparency of the air* it may be ren¬ 
dered vifible by means of the rays of light reflected' 
fbm its parts in all directions. This effect is feen 
when the beams of the Sun are admitted into a room 
through the window-fhutter, and may frequently 
be obferved when the Suq fhines through the 

i j 

chafms 
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chafms or openings in a dark cloud i from-which 
caufe # it happens, that thofe bodies which emit a 
very finfcll quantity of light arc not to be difcerned 
in this ftronger light. In the day-time the ftars w 
are invifible, and the flame of a candle can fcarcely 
be feen in the fun-fhine: were it not for this illu¬ 


mination the flcy would appear black, and the fhady 

%• 

fides of objects would be of a dark colour, nearly 
the lame as at midnight* 

The fun fhining on the globe of the earth can x 
illuminate but one hemifphere. at once, as has 
already been fhewn; but it is not fo with the atmo¬ 
fphere which environs the globe. Thus, the illu¬ 
minated part of the globe terminates at d and d, 
(fig. 128) but the atmofphere is enlightened as far 
as b and b. In confequence of this it happens, 
that thofe parts which have already entered into the 
dark hemifphere, and to which therefore the Sun is 
fet, ttiuft (till enjoy a degree of light that conti¬ 
nues as long as any of the enlightened part of the 
atmofphere remains in view. This light, which v 
gradually decays after fun-fet, or increafcs before 

4 

fUn-rife, is Called the ’twilight. Let a h c d d b 


(fig. 129) reprefent a feftion of die Earth in the 
plane of the Sun’s azimuth, and let the fp#e con¬ 
tained between the concentric circles reprelent the 
atmdipherd: then, the Sun’s rays in the directions 
s b, s b, will illuminate half the globe d c d, and the 
atmofphere wttt bfe enlightened as far as b and b on 
each fide within the dark hemifpherei which en¬ 
lightened part,, fo long as it continues above the 


E 2 horizon 
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horizon of any place, will caufe a twilight at that 
place. The ray s d s is a tangent to the Earth at 
d, and iheets the circumference of the atmofphere 
at b. From b ^raw the line b h, a tangent to the 
Earth at a, which continue towards ft} h n will 
then reprefcnt the horizon, in which the extreme 
point b of the enlightened part of the atmofphere 
will be fituated; that is, twilight will be juft be¬ 
ginning or ending at the place a. The angle sbv, 
which is equal to tne angle aed, will be the angle 
of the Sun’s depreffion beneath the horizon hn; 
z and the angle aeb is the half of aed. Hence, 
if the depreflion of the Sun beneath the horizon* 
and the lemidiameter of the Earth be known, it 
will be eafy to find the height of the atmofphere. 
For, in the right angled triangle a b e. 

As the fine complement of half 

the Sun’s depreffion - - aeb8 3 jo 7 

Is to the Earth’s femidiameter - a e 3437 miles. 
So is radius - - fine 90° 

To the hypothenufe - - - eb 3475 miles. 
The difference between which and the femidiameter 
of the Earth, is the line h b, cfr height of the 
a atmofphere, 38 geographical, or 44 Englifh miles. 
The angle of the Sun’s depreffion is known by the 
time elapfed between the beginning or end of twi¬ 
light, and the riling or fetting of the Sun; and it 
is judged to be twilight fo long as thc illumination 

1 • • 

of the atmofphere prevents the fmaller fixed Ears 

from appearing. It is alio obferved, that the evenr 

/ » 

ipg ajre always longer than the morning twilights, 

► * 

which 
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which mult arife from the rarefaction of the air over 
the. place, alter the day's fun-lhine. A firtiilar 
difference is obierved between the twilights of fum- 
mer and winter. 

This explanation is iiifficient to Ihew the caule B 
of the twilight. But in ftrift computation the refrac¬ 
tion to which the light is fubjelfc three rimes before 
it comes to the eye Ihould be allowed for, and will 
fomewhat diminifh the height deduced. 


CHAP. III. 


CONCERNING THE CAUSES BY WHICH THE SPRING 
OF THE AIR IS ALTERED, AND WINDS ARE PRO-* 
DUCED. 


The expanlion of air by heat, while the preffure c 
remains the lame, has already been taken notice of 
(40, x). Heat therefore increafes its fpring, as 
may be Ihewn by the following experiment: 

Let adb (fig. 131) reprefent a hollow-glafs- D 
ball, having a narrow bent tube a c g e affixed to. 
it. The lower part of the bent tube, and part of 
the ball, is filled with mercury, as in the figure; 
the furface a b within the ball being on the fame 
horizontal line with the furface at c in the tube. 
The parts of the mercury will then be in equifibrio, 
the external furface c being prefled by the weight 

E 3 of 
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of the atmofphere, and the internal furface a b be¬ 
ing prefled by the fpring of the included air, which 
is equal to that weight. ; But if the ball be itnmerfcd 
in boiling water, the iacreafed fpring of the included 
air prefling on the furface a b, will raife the mer¬ 
cury. froth C to g, and there fuftain it, natnely, at 
the height of 84 inches, when the mercury in the 
Torricellian tube Hands at 39 inches. And as the 
Contained' air is not fenftbly dilated by the extrufian 
of fo fmall a quantity of mercury, the fuftentation 
may be regarded as the entire effeft of its fpring. 
The fpring of the included air at the heat of boiling 
water is therefore not only equal to the weight of 
the atmofphere, but likewife to an additional preflure 
of more than of that weight. 
e By the fame inflrument, it is found, that the elaf- 
ticity of the air is weakened by immerfion in very 
cold or freezing mixtures. And concluflons flmilar 
to thefe may be made by various methods, which 
the attentive learner will readily difeover. 
r In the foregoing experiment the air was pre- , 
vented from expanding, in confequence of its in- 
creaftd fpring, by the preflure of the mercury, but 
if, inftead of putting mercury into the ball, a fmall 
quantity bp made to hang in the tube, as at c a, 
it, will ,t>y its motion indicate the dilatation or con? 
c tra&iqn of the included air. By a method flmilar 
to this it is foupd, that from the point o in Fahren¬ 


heit’s thermometer to die heat of boiling water, or 
a > a®, common dry air expands fo as to occupy an 
additional fpace morc than before, equal to the frac¬ 


tion 
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tion .48421 of its former bulk. But the expanfions 
of moift air are much greater *. 

It will not be difficult from thefl* experiments to h 
point out the caufcs of many phenomena that hap¬ 
pen in the air. For, if any part of the air be either 
heated, or charged with vapor, it will expand, dhd 
in confequence of that expanfion become fpccifi-. 
cally lighter than before. It rauft, therefore, by the 
laws of hydroftatics, afeendv and the circumambient 
ait mult prefs in on all fiafcs to fupply its place. 
Hence the caufe of the afcenc of fnoke in a chim¬ 
ney. The air which pafles through the fire, or 
comes within a certain diftance from it, is rarefied, 
and afeends, giving place to the cold air that 
prefles in: this in its turn becomes rarefied, and the 
afeending current of air continues as long as the fire 
is kept up, the wind drawing from all parts towards * 
the chimney. 

If the fire were in the open air, the heated air i 
would flill afeend in a Current, and the cooler air 
prefs in on all fidds; that is to fay, a wind would 
be generated, which would conftantly blow to¬ 
wards the fire. The'quantity of air rarefied by any 
fire we can make is fo fmall, th&t the wind produced 
by that means is too inconfiderable to be perceived at 
any great diftance from the fire* btit the rarefa&ions 

* Mnfchenbroek’s Cbure de Pbyfique tnay be confulted fbr 
an abftraft of What has been done refpe&wg the expao&pt of 
air by Amantnu, and others. But the mafl; copious, and valu¬ 
able fet of experiments are tbofe of Col. Roy, in the Philofct- 
phical Tranih&ons, part a, for the year 1777. 

\ E 4 arifing 
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arifing from natural caufes are diffident to produce 
all the winds that agitate the atcnofpbere. 
a The fenfible horizon is not qnly divided into 
360 degrees, like other great circles, but alfo into 
31 equal parts, called points of the compafs, which 
are again fubdivided into halves *and quarters. The 
points of the compafi have each a feparate name. 
The points of interfcttion between the meridian 
and the horizon are termed Worth and South; and 
two other points, at die diftance of 90° from the 
North and South, are termed Eaft and Weft: 
thefe four are denominated cardinal points. The 
intermediate points take their names from the car¬ 
dinal points between which they arc fituated, as in 
the figure, where the initial letters N. S. E. W. 
(fig. 132) ftand for the words North, South, Eaft, 
Weft. 

l A wind is named from the point of the compafs 
from which it blows. 

m The different winds may, with refpe& to their 
direction, be reduced into three claffes, viz. gene¬ 
ral, periodical, and variable winds. 
n General winds blow always nearly in the fame 
1 direction. Io the open feas, that is, in the Atlan¬ 
tic and Pacific Oceans, under the equator, the wind 
is,iound to blow aknoft conftandy from the eaft- 
ward; this wind prevails on both {ides of the equa¬ 
tor to the latitude of $8°. To the,northward of 
the equator, the.wind is between the North and 
Eaft, and the more northerly the nearer the nor¬ 
th^ limit; to the fputhward of the equator, the 

wind 
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Wind is betwrea-tbeSoutb SodEad, and the more 
foutheriy the nearer the Jfcwther&liout. 

* - ‘ i 

. Between the parallels of*® 0 and 4©? fouth lat. o. 
in that tradfc which extends-from 30° .Weft to xoo° 
Eaft longitude fiforn the meridian of Eondon, the 
wind is variable, but byfar the greater part bet west) 

the N. W. and S. W. fo that the outward bound 

* % > w 

Eaft India fhips generally tun down their eafting 
on the parallel of 36* fouth. 

Beyond the northern limit of the general wind in t* 
the Atlantic Ocean, the wcfterly winds prevail, but 
not with any certainty of continuance. 

K 

Near the weftern coaft of Africa, within the q_ 
limits of die general wind, the winds are-found to 
be defkded towards the fhore to foch a degree, 
that they arp found to blow from the N. W. and 
S. W. quarters for the moft part, inftead of the 
N. E. and S. E. as is the cafe farther out at fea. 

The general winds are ufually called trade-winds, r 

In the Atlantic Ocean, tb 13 . E. trade-wind ex- s 

. % 


tends as far as j° north, and the N. E. trade-wind 
ceafes at the 5th degree N. In the intermediate 
fpace are found calms, with rain,and irregular un¬ 
certain fqualls, attended with^ thunder and lightning. ; 
But this *fpoCe is fhiftedfercher to the northward or 


fouthward, accordingly as the Sun’s 



more northerly orfoutherty; . * 

Periodical winds are thofe which blow in a ber- t 


t®d direftion for* time, arid at dated feafons 
chanj^ and - blow for wn' equal fpace of thne' ‘from 
the oppofice point of the compafs. Thefe tray be 

divided 
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divided into two ciafies, via. mcmfoons, or winds 
that change annually $ and land and fea-breezea, 
or winds that change diurnaily. v 
v While the Sun is to the northward of the equi¬ 
noctial, that is CO iky, in the months of April, 
May, June, July, Auguft, artd September, the 
wind blows from die fouthward over the whole 
extent of the Indian Ocean j namely, between the 
parallels of 48 0 N. and 28° S. latitude, and be¬ 
tween the eaftern coaft of Africa and the meridian 
Which pafies through the weftern part of Japan. 
In the fea between Madagascar and New Holland, 
the S. E. wind prevails as far as the equator, where 
it is deflected, and blows into the Arabian Gulf and 
Bay of Bengal from the S. W. Between Madagaf- 
car and the main land of Africa, a S. S. W. wind 
obtains, and coincides with the S. W. winds in the 
’ Arabian Gulf. To the northward of New Holland, 
the S. E. wind i* predominant, but varies very 
much among the iflaAds; abd between the penin- 
fbla of Malacca and the Ifland of Japan, a S. S. W. 
wind prevails. All this is to be underftood for 
the aforementioned months. 1 
v "But in the other ^months, October, November, 
December, January, February, and *Marfcfe, a re¬ 
markable alteration takes place. In the fea between 
Madagaftar and New Holland, the S. E. wind 
extends no farther to the northward than about the 
10th degree of fouth latitude, the other 10 degrees 
being occupied by a wind from the bppofiee point 
of the Compafs, 'of N. W. at the lame rime that the 

winds 



XAND AND 8SA StSZZZS, &C. 

^ 1 

winds in aU the northern pants ofthe Indian Ocean 
Jhift round, and blow dirc&ly contrary to die' courfe 
they held in the former fix months. Thefe winds 
are called moidoons, or ihifring trade-winds; 

Theft changes arc not fuddenly made, v Some w 
days before and after the change/there are calms, 
variable winds, and drcadfufftorms, attended with 
thunder, lightning, and rain. •- 

On the greater part of the coafts of lands fttuated x 
between the tropics, the wind blows towards the 
ihore in the day-time, and towards the lea in the 
night. Thefe periodical winds are termed die land 
and lea breezes, and are much affcdted, both in .their 
direction and return by the courfes of rivers. 


tides, &a * 

Variable winds are thofe which are fabje&cdto v 
no period, either in duration or return, and are too 
well known to need defcription. 

If the air were uniformly of the feme denficy at z 
die fame height, and die lighter parts always repolcd 
upon the heavier, it Is evident that, the lateral pref- 
iure being, equal in every horizontal' direction, it 
would remain at reft. Bias on the. contrary,-any 
portion or part oftheair were heavier than the* reft, 
it would defcend* or if lighter, afcend till the equi¬ 
librium was restored; lb that cither the difptaced 
air would - occafion a wind, diverging from a cen¬ 
tral fpacc in copfequence of the defeent or pouring 

dowti of the, heavier air» or elfe the airigfhit^in, 

m | 

would occafion a wind converging to a central 
fpace tp a fopply the lighter afeendiog ftream. - It a 
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« therefore evident, that any agent that alters the 
denfity of a part of the air toil! produce a wind. . 

The dtfftfity of air is changed by coflnpneffkw, 
and by htac. Its dafticity is increased by the 
addition bf nwtifttire> and cleftricity may have 
liktfwife fotne effect of the feme kind. The com- 
preflion she air differs in the natural courfe of 
events, is nearly uniform, and experiments are 
wanting decide) whether the addition of rtioif- 
ture to air at any of the ufual temperatures does 
not augment its denfity as much as the increafed 
el&fticity diminifhes it) neither have any methods 
been yet deviled to (hew, whether air jn different 
flotation* with rcipeft to ele&rtcity is altered in its 
diipcnfions. In confide ring the caufes of winds, the 
principal agent to be attended jo imift therefore be 
heat* 

If the Earth did not revolve on its axis, it is 
plain that the Sun, being ftationary over one parti¬ 
cular fpet, would rarefy the air at that fpot: it 
would CQftfequenfely afcend by the preffure of the 
cirounmmbknt, and lei's rarefied oif* till it arrived 
at a region in which the ait* wAs fufihfiendy rare to 
Mer it to«expand on ad fid**: and thus there 
would be produced a eobVerging wind hfew the 
fyvfaot of. the Earth, and a contrary or divergent 
wind iP titt upper region Of the air* But fince the 
Earth does „fpyolvc ofr i« a»i% ondche Sun there¬ 
fore i*<fl6feft*tiofttryi k nwft foUowj that the place 

the t air is jgnaft rarefied w»U be found iuccef- 
Svelyjjip . Avery the parpitel over whigb the 

6 Sun , 
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Son in the eoorfe of a day. And as this 

place continually moves cq the weft-ward, the lower 
1 air rauft u eonftandy follow its. Hence we hare the 
origio of the general N- £. and S. £. trade-winds, 
which no doubt would extend over the whole of the 
fpace between the tropics, were it not for the dif¬ 
ferent temperatures of the continents and ifiands 
over which the Sun pafles. For the furface of earth 
is more heated than that of the lea, by reafcn that 
the transparency of the water permits many of tkft 
rays of light to pais to its interior parts before they 
are ftifled and loft;. The air therefore, contiguous 
to the lands being more heated than that! which reft* 
upon the lea, w*H prevent the regularity of the 
efifedt. Thus, near the weftem coafts of Africa and 
America, the winds blow foam the. weft ward, to 
fupply the conftant rarefaction thole heated lands 
produce. 

The gene rift N. E. and- S. E. trade-winds, pro* d 
ducing in she upper region of the air wind* in 
the contrary directions, feem to tie the cauie of the 
wefteriy winds which are>obf«rved to prevail'between) 
the latitudes of 28 9 and 40°. 

In accounting for the monfoous, or periodical) z 
trade-winds, it is neoefiary to mark, the peculiar 
caroumftancas which obtain in the Indian Oceans, 
and which are not found ia the Atlantic or Pacific 
Oceans, They feem to be thefe. That the ocean 
is bounded to the northward by lhoresy whofo lati¬ 
tude does not- exceed the limits of the general 
trade-wind, and that the general trade-wind. 1 falls on 
. Ice- fhorci ta the weft ward. 


The 
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" The Sort being twice in the year vertical ift the 
equator, and never departing mole than 23 4 01 . 
from thence, caufes the air in that climate to be 
hotter than at any other place on the ocean; and is 
the occafion of the trade-wind, as has already been 
fbewn. Such af rafrefied lpace mull extend acrofs 
the Indian Ocean, and produce a S. E. wind to the 
fouthward, and a N. E. wind to the northward of 
the equator, over which, in the upper regions of the 
air, the winds return in the contrary directions. 
This we accordingly lee happens in the months of 
Oftober, November, December, January, Febru¬ 
ary, and March. But when the Sun declines to the 
northward, and heats the lands there, the air con¬ 
tiguous to thole lands become rarefied, and the 
lower air has a tendency to move that way* This 
tendency increaiesf as the Sun advances farther 
North, fo that the whole body of the lower air J 
to the northward of the equator moves towards the 
northern lands, notwithstanding the equatorial rare- 
faCtion, which muft be fupplied by the upper or 
g returning, current. It feems then that the body of 
the lower air in the northern part of the Indian 
- Ocean is determined as to its courfe by die greater 
1 rarefaClion: if the rarefaCtiok at die furface of the 
land be greater than that at the equator, the wind 


blows to the North, and the contrary happens when 

* % 11 , 

the equatorial rarefaction is greatCft. When 1 the 
northerlytrade-wmd prevails, it" blows out of the 
Arabian Gulf upon the coafts of Arabia, Aynan and 
Zangucbar, and is reflected into the ftraics of 

Mofambique. 
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Mofambique. And at the other feafon, the general 
foutherly wind teems to be refitted to the weftward 
by the_ feme cai ife. 

Thefe, or fome fuch like, are probably the caufcs h 
of the winds that prevail in the Indian Teas* But 
the obfervations we are in poft'e{jpon of are too few 
and too inaccurate for the purpofe of forming a 
theory. 

On the feme principles it will not be difficult 1 
to account for the land and fea breezes. For, be- 
caufe the land is heated in the day-time, the wind 
muft blow in Ihore to fupply the place of the amend¬ 
ing rarefied air: and in the night the land cools, 
and condenfes the air, occafioning the land breeze. 

The circumftances that produce the variable k 
winds are referable to thofe already noticed, but 
aft fo difFerendy in particular cafes and fituations, 
that it is fcarccly practicable to reduce them to any 
rule. 

When feveral winds converge fwiftly to one l 
point, the air afeends with great rapidity, and ac¬ 
quires a whirling motion, like that of water defeend- 
ing in a fnnnel. And as die centrifugal force in 
this whirling motion of the water is often fufficient 
to counterpoife the lateral preffure, and to prevent 
its approaching the central part, it ftcquently hap¬ 
pens, that 4 perforation is feen quite' through the 
body of the fluid. In like manner, the centrifugal 
force of the air may become equal to the prdTurc of 
the atmolphere, and confequcntly leave a void Jpace 
about the center of the motion. This phenomenon 

. 7 is 
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is called a whirlwind, and fbmetimes produces fatal 
effefts. For, partly by the expanfion of the air in¬ 
cluded in houfes or other buildings; and partly by 
the violence of the amending current, it happens, 
that bodies near the center of the whirl are blown up 
into the vacuum, ipr carried aloft with great impc- 
tuofity in a fpiral motion. 

m If one of thefe whirlwinds happen at fea, the 
prefliire of the atmofphere being talcen off that pai t 
of the furface over which the vacuum is formed, 
the water, on the principle of the Torricellian tube, 
will rife to the height of thirty-two or thirty-three 
feet before it will be in equilibrio with the external 
prefliire. The afeending warm air being mod pro¬ 
bably charged with vapours, will fuffer them to be 
condenfcd as it arrives in a colder region, and thus 
the courfe of the current will be marked by the 
denfe and opake vapor, and by the continual afeent 
a cloud will be formed above. Thefe are the phe- 
nome'na of water-fpouts. At firft a violent circular 
morion of the fea is obferved for the fpace fomerimes 
of twenty feet diameter} the fea riles afterwards 
by degrees into a capering column of about thirty 
feet in height, at the fame rime that a cloud appears, 
from which a dark line or column defeends. This 
column is met by another, which afeends fomewhat 
like fmoke in a chimney, from die lower or fblid 
part of the fpout. After this junction the cloud 
continually incresfes rill the whirl ceafes, and the 
appearance terminates. 

* 
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CHAP. IV. 

OF SOUND ; AND Or MUSIC. 

W hen obtufe bodies move in elaftic fluids, they n 
condenfe that part towards which they move at 
the fame time that the part they recede from is 
rarefied. This condenfation or rarefaction muft 
produce an undulatory or vibrating motion in the 
fluid. Thus, if a body by percuflion or otherwife 
be put into a tremulous motion, every vibration 
of the body will excite a wave in the air, which 
will proceed in all directions fo as to form a hol¬ 
low fphere} and the quicker the vibrations of the 
body fucceed each other, the left will be the diftancc 
between each fucceflive wave. The fenfation ex- o 
cited in the mind by means of thefe waves which 
enter the ear, and produce a like motion in a thin 
membrane, ftretched obliquely acrofs the auditory 
pafiage, is called found. But the term i> fre¬ 
quently ufed to imply not only the fenfation excited 
in the mind, but likewife the affeCtion of the air, or 
of the Ibnorous body by which that fenfation is pro¬ 
duced. Thus, we fay, that a found is in the air, 
or that a body founds when ft ruck, though the 
affeftion of the air or body is very different from 
the fenfation. 

That bodies move or tremble when they produce p 
found, requires no particular proof: it is evident in 
drums, bells, and other inftruments, whole vibra- 

Vol, II. F tions 



66 VELOCITY OF SOUND. MHO. 

tions being large and ftrong, are therefore more 
perceptible: and it is equally clear, that a fimilar 
vibration is excited in the air, becaufe this vibration 
is communicated through the air to other bodies 
' that are adapted to vibrate in the fame manner: 
thus, bells, glades, batons, and mufical firings, 
Will found merely by the adtion propagated from 
other founding bodies. 

0_ It is eftablifhed as well by mathematical reafon- 
ing from the nature of an elafiic fluid, whofe com- 
predion is as the weight, as from experiment, that 
all founds whatever arrive at the ear in equal times 
& from founding bodies equally difiant. This com¬ 
mon velocity is 1142 Englifh feet in a fecond of 
time. The knowledge of die velocity of found is 
of ufe for determining diftances of firips, or other 
objects: for inftance, fuppofe a fhip fires a gun, the 
found of which is heard 5 feconds after the flafh is 
feen; then, 1142 multiplied by 5, gives the diftatice 
5710 feet, or 1 Englifh mile and 430 feet, 
s When the aerial waves meet with an obftacle 
which is hard, and of a, regular furface, they are 
refiedted j and confequently, an ear plated in die 
courfe of thefe reflected waves will perceive a found 
fimilar to the original found, but which will feem 
to proceed from a body fituated in like pofkion and 
distance behind the plane of refle&ion as the real 
founding body is before it. This refleded found is 
called an echo. 

t The waves of found being thus refiexible, nearly 
the fame in cffed as the rays of light, may be 

dcflcdcd 
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dcfle&ed or magnified by much the fame con¬ 
trivances as are ufed in of tics. From this pro¬ 
perty of refle&ion it happens, that founds uttered 
in one * focus of an elliptical cavity are heard much 
magnified in the other focus: inftances of which are 
found in feveral domes and vaults, particularly the 
whiipering gallery at St. Paul’s Cathedral in Lon¬ 
don, where a whifper uttered at one fide of the dome 
is reflected to the other, and may be very diftin&ly 
heard. On. this principle alfo is confsrudted the 
ipeaking trumpet, which either is or ought to be a 
hollow parabolic conoid, having a perforation at the 
vertex, to which the mouth is to be applied in 
Ipeaking, or the ear in hearing. 

In addition to the advantages we enjoy from the u 
perception of found, when the fonfe of feeing can¬ 
not be employed, and in conveying our thoughts to 
each other by means of the afifociations formed be¬ 
tween words and ideas, we receive great pleafure 
from the combination of found known by the name 
of mufic. 

If a body be ft ruck, and the vibrations excited v 
be all performed in equal times, the undulations 
produced in the air will be fo likewife, and a fimple 
and uniformly fimilar found will be produced, ex¬ 
cept as to loudnefs or intenfity; for, as the vibra¬ 
tions grow lefs ftrong, the found decays. But if the 
vibrations excited be various and diffimilar, a like 
variety of diffimilar undulations will be produced in 
the airs and the found muft be harfh, as if feveral 

F 2 founds 
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founds were heard together. The firft of thefe 
founds is a mufical tone, and the latter a noife. 
w This is confirmed by experience} for we -find 
that thofe bodies which are the moll uniform in 
their texture, and by confequence bell adapted to 
vibrate limply, and ifochronally, always produce the 
moll mufical tones} as for example, mafies of elas¬ 
tic metal, brafs, call-iron, and the like. And this 

1 

tone is more flridtly mufical if . the metal be fo 
formed as to vibrate in the fimplell manner pof- 
fible. Thus, a hollow metallic veflel or bell, if it 
be well formed and not damaged in the tuning, 
will give but one uniform mufical tone, or at leall 
the tones produced will confill of one predominant 
or principal tone, and feveral others that have a 
perfect mufical agreement with it. A wire of an 
uniform thicknefs, ftretched over two hard bridges 
or fiilcrums, will produce the fame effeft. Mufical 
tones may be obtained by various means} but it 
will fufficiently anfwer our prefent purpofe to attend 
only to the fimplell method wherein firings or wires 
are made ufe of. 

x Experience and reafon have eftablilhed the fol¬ 
lowing pofitions refpedting the vibrations of cords 
or firings. 

v The forces or weights which are neceflary to 
draw an extended chord a b (fig. 133) out of its 
.. place to the dillances ce, cf, eg, are direftly 
proportional to thofe diftances, provided the chord 
be not too much drawn afide. 


There- 
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Therefore, fince the forces with which the chord z 
returns to its firft fituation, when fet at liberty, are 
always, in proportion to the fpace it has to pafs 
through, the vibrations muft all be performed ia 
equal times. 

If chords differ only in thicknefs, the times of a 
their vibrations will be dire&ly as their diameters. 

If chords differ only in tenlion, the times of > 
their vibrations will be inverfely as the fquare roots 
of the weights by which they are ftretched. 

If chords differ only in length, the times of their c 
vibrations will be direftly as their lengths. 

That, tone produced by a firing that vibrates d 
quickly is termed acute or (harp, when compared 
with the tone of a firing that vibrates flower; and 
the tone produced by the latter is called grave or 
flat, when compared with that of die former. 

If two chords be ftruck, either at the fame inflant e 
or in intermediate fucceflion, the coincidence of found 
is pleaflng or difpleafing, accordingly as the two 
tones produced Hand related to each other in gra¬ 
vity or acuteneis: if they be fo related as to afford 
pleafure, the coincidence is called a concord, but if 

not, it is termed a difcord. 

* 

A fet of tones which follow each other, and afford r 
pleafure, is called melody; a fee of cotemporary 
tones which afford pleafure, is called harmony. 

The more frequently the vibrations of two chords a 
coincide with each other the perfeder the concord 
will be; thus, two equal firings, equally ftretched, 
will each give the feme tone; the vibrations of the one 

F 3 wiU 
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will coincide with thofe of the other; ahd the con- 
cord will be moft perfect: again, two-firings, differ¬ 
ing only in length; the one being half the length 
of the other, will vibrate the one twice while the 
other vibrates once, the coincidence will be at every 
fecond vibration of the fhorter firing, and a concord 
will be produced, but lefs perfect; if the firings be 
in length as 2 to 3, the coincidence will be lefs fre¬ 
quent, namely*- at the third vibration of the fhorter 
firing, and die concord will be flill lefs perfedl: and 


fo forth. 

h By the help of thcle principles. all flringed in- 
ftruments are conftrudted; that feries of mufical 
tones being feledted, which experience has fhewn 
to be bell adapted for the purpofes of melody and 
1 harmony. The feries is called the diatonic fcale, 
and its properties, together with the names of the 
tones, may be Teen in the following ftheme: 


Names. , “ ^ Length*. 


Unifon, or fun-'I 

damental / 
Second - - 10 

Third greater 5 

Fourth - - - 4 

Fifth - - - 3 

Sixth greater - 5 

Seventh greater 15 
Odtave • - 2 


Perfe&ion. 

1 Moft perfedl concord 
9 Difcord. 

4 I mperfedl concord. 

3 Imperfedt concord, 

2 Perfedl concord. 

3 Imperfedt concord, 

8 Difcord. 

1 Perfedl concord. 


jc The above is called the fharp feries, in contra- 

diftindtion to the flat feries, or fcale, wherein the 

% * 

third, fixth, and feventh are lefs or flat, being in 

the 
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the ratios of 6 : 5, 8 : 5 and 9 : 5. There are 
likewife other intermediate trines ufed in practice, 
as the fecond lefs, and fourth greater, whole lengths 
are as 16 : 15, and 7 : 5. All theie are found 
in the conftrudtion of inftruments; that by their 
means the pei former may place his fundamental, or 
principal note, on any of the tones at plealiire, and 
ufe the other tones which ltand in the above rela¬ 
tions to it; fuch being found fufficiently near for 
pra&ice, though not fo perfectly accurate as in the 
leries the inllrument is formed for. 

The notation of mufle, and the relations of diffe- l 
rent feales to each other, together with the other 
particulars on which the rules for compolition 
and accompanyment depend, require too copious 
an explanation to be admitted in this place. 


*4 
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CHAP. V, 

A DESCRIPTION OF VARIOUS INSTRUMENTS, CON- 
SISTINQ CHIEFLY OF SUCH AS DEPEND ON THE 
PROPERTIES OF THE AIR FOR THEIR EFFECTS. 

m The mercury in the Torricellian tube ftands 
at the .height of about thirty inches, by means 
of the prcffure of the air, and in confidering the 
phenomena of Winds, we have feen that this pref- 
fure is not every where alike, nor always the lame 
at any particular place. In confequence of this it 
happens, that the mercury in the Torricellian tube 
does not preferve the fame invariable altitude: for, 
when the air at any place is denfe, the mercury 
ftands at a greater height than when it becomes 
lighter (32, b): thus the tube becomes an in- 
ftrument to- indicate the varying weight of the 
atmofphere, and when fixed in a proper frame 
with graduations to meafure the altitude of the 

mercury, is known by the name of the barometer. 

* 

The variations are between the altitudes of 27 £ 
and 304 inches. 

n The heights of two barometers cannot be com¬ 
pared together with any exa&neis, unlefs they be 
both cohftru&ed in the beft manner. The fpecific 
gravity of the included mercury ought to be accu¬ 
rately found; and it is neceflary to boil it in the 
tube, for the purpofe of elFeftually excluding the 
»ir and moifture from within. If the furface of the 

7 mercury 
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mercury expofed to the air be larger than that in 
the tube* and this laft be leis than half an inch 
in charterer, the mercury will not rife to its foil 
height. This difference ought to be known, and 
allowed for between different barometers. 

The inftrument, fig. jji, is ufed under the o 
name of the marine barometer, it being ufeful at lea, 
where the common barometer is of little fervice, on 
account of the fhip’s motion* which caules the mer¬ 
cury to librate up and down in the tube. But as 
this barometer is fubjedt to alteration, on account 
of heat and cold, as well as on account of change 
in the weight of the air; and the diftinguifhing 
the effedts of each is attended with fome little trou¬ 
ble, it is not much in ufe on fhore 

There are many contrivances foi enlarging the r 
divifions on the barometer, fuch as inclining the 
tube, and the like; but they are all fubjedt to in¬ 
conveniences, on account of fridtion, which the 
upright barometer is free from. 

An inftrument fimilar to the marine barometer 
was formerly made ufe of to indicate the varying 
temperature of the weather. For the marine baro¬ 
meter is alfo a thermometer, and its variations being 
thus occafioned by two caufes, prevent its being 
appUed to either purpofe. The thermometer, or in¬ 
ftrument ufed to exhibit degrees of heat and cold, is 
therefore conftrudted by the ufe of other fluids. 

The property of expanfion by heat not being r 
peculiar to air, but common .to all bodies, we are at 

liberty 
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liberty to choofe any fubftance in nature for a ther¬ 
mometer. In this choice it is required, that the 
body made ufe of fhould be fuch, that its expanfions 
may be the efleft of heat alone, that they may be 
eafily and corre&ly meafured, and that the body 
may be capable of performing its office in tempe¬ 
ratures very diftant from each other. As the pref- 
fure of the atmofphere is not confiderable enough to 
alter the dimenfions of denfe bodies in any fen- 
fible degree, it is plain that their mutations will 
indicate the cffe&s of heat alone, and confe- 
quently they inufl: be very proper for the matter 
of thermometers: but thefe mutations being very 
fmall in proportion to the whole bulk, folid bodies 
muft be inconvenient for the purpofe, on account 
of the great length required to make them percep¬ 
tible: but in fluids, by means of proper veflels, it 
will be eafy to render the leaft alteration vifible; 
for if the neck or item of any glafs-veflel be very 
fmall in proportion to the contents of the bulb or 
bottle, the leaft expanfion of the included liquor 
will occafion a vifible rife in the neck. Thus, a b 
(fig. 174) reprefents a glais-tubc, whole end a is 
blown into a ball: this ball, and part of the tube, 
being filled with quickfilver, the leaft change of 
the bulk of the quickfilver, and confequently of the 
temperature of the circumambient air, or contigu¬ 
ous bodies, is fhewn by a rife or fall of the fur- 
face in the tubes the quantity of which is indicated 
by the fcale a b, affixed to the frame of the inftru- 

ment. 
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Quickfilver is the beft fluid for thermometers, t 
becaufo it is not fubjeft either to alter its expanfibi- 
lity, *or. to foil the. tube, and gives befldes a very 
extenfive fcale of divifions. T he thermometer ufed 
in Britain is graduated according to the fcale of 
the celebrated Fahrenheit. There are 180 divifions 
or degrees between the freezing and boiling water , 
points; the freezing point being reckoned 3 2 0 
above o, or the commencement of the fcale*. The 
degrees sure counted both upwards and downwards 
from o. A good thermometer muft pofiefs the 
following properties. The upper end muft be her-, 
metically foaled, and the empty fpace above the 
quickfilver muft contain no air, or at moft very 
little. This circumftance is afeertained by holding 
the inftrument with the ball uppermoft; in which 
fituation the mercury will immediately run fb as to 
fill the whole capacity of the tube. The fcale muft 
be well adjusted, and divided according to the 
capacity of the tube. To prove this, let the ther¬ 
mometer be taken from its fcale, and laid in fnow, 
or pounded ice, juft beginning to melt: it fhould 
be covered nearly as high as the freezing point, or 
3 2° is fuppofed to lie. When the mercury becomes 
ftationary, mark the tube with the edge of a knife 
where it Hands, or, if there be a. mark ready made, 
as there commonly is, obforve whether it accurately 

* Reaumur’s fcale, principally ufed by the French, begin* 
at the freezing point, and proceeds both ways from o. From 
freezing to boiling water is 80 degrees. 
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agrees with the furface of the mercury,' if it does, 
the freezing point is well fettled. Wrap now feveral 
folds of linen rags or flannel round the tube of the 
thermometer nearly as high as the fuppofed boil¬ 
ing point; hold the ball of the thermometer in the 
afeending current of boiling rain-water about two 
or three inches below the furface; pour boiling 
water on the rags three or four times, waiting a 
few feconds between each time, and wait fome 
feconds after the laft time of pouring on water be¬ 
fore the boiling point is marked on the tube, in 
order that the water may recover its full ftrength 
of boiling, which is confiderably checked by 
pouring on the boiling water. This laft experi¬ 
ment muft be made when the barometer (lands at 
29.8 inches. The adjuftment of the fixed points 
being thus afeertained, fallen the thermometer again 
to its feale, and agitate it fo as to break or divide 
the thread of mercury in the tube. By varioufly 
inclining the inftrument the feparated portion of 
mercury may be made to reft in different parts of 
the tube, and its length obferved on the feale. If 
its length in every part of the tube correfponds to 
the fame number ofr degrees, the feale is well 
divided. This laft objedt is by no means to be 
neglefted: for it fcldom happens that the diameters 
of thermometer-tubes are fufficiently regular to 
admit of a feale divided into equal parts. Such 
a feale will ufually produce an error of upwards 
of a degree near the temperature of 120 0 , though 

v> the 
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the fixed points be ever fo well fettled; and in 
fome; inftances the error may even amount to four 
or fiye degrees. 

Thermometers with fmall bulbs, and tubes in u 
proportion, are the raoft ufeful. For a large vo¬ 
lume of mercury requires a confiderable time to be 
either heated or cooled, and if it be jmmerfed in 
any liquid, it will change the temperature of the 
liquid much more than a fmaller inftrument would 
have done, and confequently is lefs adapted to 
Ihew the temperature of the liquid at the time of 
its immerfion. If the fcale of a thermometer be 
of a dark colour, and the thread of mercury fmall, 
its ftation will be rendered more difcernible by flip¬ 
ping a piece of white paper behind the tube. 

The prefiure of the atmofphere on the outfide of v 
a thermometer not being counteracted by the fpring 
of any included air, is exerted in diminifhing die 
lize of the bulb, and fuftains the mercury fome- 
what higher than it would Hand, merely by reafon 
of its temperature. This is proved by breaking 
off the fealed end of the tube; in confequence of 
which the mercury immediately falls. This quan¬ 
tity varies with the weight of the atmofphere, but 
the quantity of the variation can feldom amount to 
more than the tenth part of a degree. Thermome¬ 
ters with Ipherical bulbs are left aCted on by the 
weight of the atmofphere than odiers. 

If the bent tube ced (fig. 135) be filled with w 
water, and the Ihorter kg e c immerled in the 
water contained in the vefiel a b, the water will 

all 
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all flow out at the aperture d> and die veflel will be 
emptied. For the prelTure that fupports the water 
in the leg c s is equal to the weight of the atmo- 
fphere, aftd is counteracted by the weight of the 
column e c, and the preffure that fupports the water 
in the kg d e is the fame weight, but counteracted 
by the column e d. And as e d is longer than e c, 
the preffure of the atmofphere on d will be Iefs 
effectual than that on c; conlequendy the whole 
mafs of water in .the tube will move towards the 
orifice d, receding from the greater preffure. This 
inftrument is called a fyphon, and is lometimes ufed 
to draw liquors out of calks that are fo placed as 
not conveniently to be moved. 

A very probable account of the caufe of intermit¬ 
ting fprings may be given on the principle of the 
fyphon. For, let cfc (fig. 136) reprelcnt a ca¬ 
vity or receptacle in the bowels of a mountain, 
from the bottom of which c, proceeds the irregular 
cavity or fyphon c e d : then, if by lprings or 
otherwife the receptacle begin to fill, the water • 
will at the fame time rife in the leg c e of the 
fyphon till it has attained the horizontal level h h : 
when it will begin to flow out by means of the 
leg e d, and will continue to increafe in the quan¬ 
tity difcharged, as the water rifes flail higher, till 
at length the fyphon will emit a full ftream, and by 
that means empty the receptacle. At this period 
the ftream will ceafe, till the receptacle being again 
filled, will again exhibit the fame appearance. And 
thefe periodical returns of flood and ceffadon will 

be 
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be regular, if the filling of the refervoir be fo; but 
the interval of the returns muft depend t on the 
dirhepfions of the apparatus, and the quantity of 
water furnilhed by the fprings. 

The adtion of that very ufeful inftrument the y 
common pump, depends on the preflure of the atmo- 
fphere. It confifts of a pipe c d (fig. 137) whofe 
lower end c is immerfed in water: at b is fixed a 
valve opening upwards, and in the fuperior part 
of the tube is worked a pifton a, fitted very clofely 
in the pipe by means of leather. In this alfo is a 
valve opening upwards. Now, if the part above b 
be filled with water, to render the whole air-tight, 
the pifton a being thruft down to b, and afterwards 
raifed, will leave a vacuum or void fpace between 
b and a, into which the air contained in the lower 
part of the pipe c b, will expand itfelf. The fpring 
of this air being thus weakened by the expanfion, 
will no longer counterpoifc the effedt of the preflure 
of the atmofphere, and the water will rife in the tube 
till the equilibrium is reftored. By deprefling the 
pifton a, the valve b is fuffered to clofe, and a part 
of the air between the valve and pifton efcapcs 
through a. After a few ftrokes the whole of the 
included air is extra&ed, the water rifes through the 
valve b, and is difeharged by the pifton a. This 
operation may be continued at pleafure. But if 7. 
the height b c be more than 3 4 feet, the water 
will not rife to the valve; for a column of freth 
water of that length being equal to the weight of 
the atmofphere, it can be raifed no higher by that 
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weight. Thus it happens for the fame reafon that the 
mercury in the barometer never riles beyond a 
certain height; and if a pump, finiftied with the 
utmoft exa&nefs on the principle here defcribed, 
be made to work in mercury, it will not raife it 
beyond that height. 

a The “fire-engine ads by means of the weight 
and elafticity of the air. For it is compofed of 
two barrels, e and d, (fig. 138) in each of which 
a folid pifton or plunger is worked by means of a 
double lever. Thefe barrels communicate with 
the water by a pipe, not expreffed in the figure: 
they alfo communicate with the flrong cylinder or 
veffel c c, by the pipes l and t. At m and k in 
the b&rrels are valves opening upwards, and at l 
and t are valves which open towards the cylinder. 
In the figure, the pifton in o being raifed, the 
water rufhes in at k, while that in e being de- 
preffed, forces its contents into the cylinder 
through the valve t. At the next ftroke the barrel 
e raifes the water, while the contents of the barrel 
d are forced into the cylinder: and thus the alter¬ 
nate aftions of railing and forcing may be conti¬ 
nued at pleafure. Now, the water* being forced 
into the cylinder, comprefles the aii\ contained 
within into a fmall fpace; and this air reading on 
die water, drives it in a continual ftream through 
the pipe p o ojt, which may be dire&ed as necdlity 
lhall require. 

B The great force of comprefled air is fhewn by 
many experiments, particularly in the performance 

of 
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of the wind-gun. Fig. 139, reprefcnts a fedtion of 
this ihftrument. a k is the barrel, containing a 
ball it k. This barrel is contained within another 
larger tube cdre, and in the intermediate cavity, 
the air is comprcfled and kept, m n is a cylindri¬ 
cal cavity in the ftock or butt end of the piece, in 
which a pifton works, for the purpofe of forcing 
the air into the before-mentioned cavity. The air 
is prevented from returning by the fhut or valve 
p, which is opened by the air, as it is forced in, 
but at other times, is kept fhut by the fprijjg of 
the included air. At L is placed another valve, 
prefTed clofe by means of a fpring on the orifice of 
the barrel, to prevent the air from efcaping. A 
wire palling through a hole, rendered air-tight by 
wet and. grealy leather, is affixed to this valve, 
and appears afterwards at 0, in the form of a trig¬ 
ger. When the trigger is drawn back, the valve 

t « 

l opens, and the air milling out, drives the ball 
with a force that feems not much lefs than if it 
Were difeharged from a mufquet. 

A variety of curious and plcafing fountains may 
be formed by the help of the properties of the air 
combined with hydroftatical principles. The fol¬ 
lowing is one of the fimplcft. a b e d (fig. 140) is a 
copper vefiel, near two thirds filled with water: at 
m is fere wed in the tube 1 c, the jun&ion being 
made air-tight by means of wet and greafy leather, 
and in the upper part of the tube is fixed a ftop- 
cock h. The ftop-cock being opened, a forcing 
fyringe is fere wed on at 1, and a great quantity of 
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air inje<fted, whence the air in the cavity a B f £ 
being very much condenfed, prefies on the furface 
of the included water. The ftop-cock being then 
Jhut, the fyringe is removed, and an adjutage 
fcrewed on in its place ; through which, if the 
ftop-cock he again opened, the water will fpout 
forth with great violence. 

Fig. 141, is a drawing of a very ingenious foun¬ 
tain, whofe conftruction will be better underftood 
from the fedtion exhibited in fig. 142. bc is an 
open difb, or veflel. r s and t u are refervoirs for 
water; each of which is divided into two by the 
partitions v 1 and x v. The tube £ f paftes through 
without communicating with the upper refervoir, 
and ferves to convey water from the bafon e c to 
the part txv of the lower refervoir. The tube c x 
forms a communication between the part txy of 
the lower, and rvi of the upper refervoir. The 
tube 1 k forms a communication between the part 
rvi of the upper, and v x u of the lower refervoir. 
And the tube m l forms a communication between 
the part y x u of the lower, and 1 v s of the upper 
refervoir. Laflly, there are openings atONPQ,., to 
fill or evacuate the refervoirs, and an adjutage pipe 
v 1 communicating with the part 1 v s. The mode 
of aftion is this: water being poured into the up¬ 
per refervoir by the openings o and n, the foun¬ 
tain is fet upright, the openings being previoufly 
clofed, and alfo the adjutage d. The bafon bc 
muft then have water poured into it till it ceafes 
to run down the pipe £ f. In this ftate the 

fountain 
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fountain may be faid to be charged. For the 
water that has palled down e f condenies the air 
in the part t x y, and allb in the fuperfor part 
nvi, by means of the tube of communication c, h. 
In the fame manner the water pafles from the up¬ 
per refervoir down the tube 1 k into the other 
lower part yxv, and condenfes the air there as well 

as in the other upper part vis, by means of the 
* 

pipe of communication m l. The water in the 
upper part v 1 s is therefore prcjTcd by air condenfed 
by the weight of the column 1 k, and alfo of the 
column £ f, becaufe 1 k is in efrc£t prefied by this 
laft. Open the adjutage d, and the water will 
iflue out and rife (20, u) to nearly the height 
of both the columns e f and 1 k together. The 
water in both thofe columns muft defeend, but as 
the tube e f is fupplied by the falling jet that if- 
fues out of the chamber vis, while the tube 1 k is 
fupplied by the water from the chamber r v 1, the 
fountain will continue to play till the upper cham¬ 
bers v 1 s and rvi have relpe&ively emptied them- 
felves into the lower chambers t x v and v x u. 

In many mechanical engines, where the force e 
of an elaftic fluid is required, the fteam of boiling 
water is made ufe of, becaufe it is ealily obtained, 
is prodigiously elaftic, and may be quickly de¬ 
prived of its elafticity. 

The firft engine we have any account ofj for f 
raifing water by the force of fteam, was conftrutted 
about a century ago upon the principle of the fi¬ 
gure, (fig. 143) where h reprefents a copper 
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boiler placed on a furnace, e is a flrong irort 
vefiel communicating with the boiler by means- of 
a pipe at top, and with the main pipe a b, by 
means of a pipe i at bottom, a b is the main pipe 
immerfed in the water at b. d and c are two fixed 
valves, both opening upwards, one being placed 
above, and the other below the pipe of commu¬ 
nication i. Laftly, at g is a cock that ferves oc- 
cafionally to wet and cool the veffel e, by water 
from the main pipe, and f is a cock in the pipe 
of communication between the vefiel e and the 
boiler. 

The engine is fet to work, by filling the cop¬ 
per in part with water, and alfo the upper part of 
the main pipe above the valve c, the fire in the 
furnace being lighted at the fame time. When 
the water boils ftrongly, the cock f is opened, the 
fleam rufhes into the vefiel e, and expels the air 
from thence through the valve c. The vefifel e 
thus filled, and violently heated by the fleam, is 
fuddenly cooled by the water which falls on it upon 
turning the cock c, the cock f being at the fame 
time fhut, to prevent any frefh acceflion of fleam 
from the boiler. In confequence of this, the fleam 
in £ becoming condenfed, leaves the cavity with¬ 
in almoft intirely vacuous: the preffure of the at- 
mofphere at b, therefore, forces the water through 
the valve d till the vefiel £ is nearly filled. The 
condenfing cock g is then fhut, and the fleam 
cock f again opened; the fleam rufhing into e, 
expels the water through the valve c, as it before 

did 
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did the air. Thus e becomes again filled with hot 
ft?am, which is again cooled and condenfed by the 
water from g, the fupply of {team being cut off 
by fhutting f, as in the former operation: the wa¬ 
ter confequently rulhes through d, by the preffure 
of the atmofphere at b, and e is again filled. This 
water is forced up the main pipe through c, by 
opening f and (hutting g, as before. It is eafy 
to conceive, that by this alternate opening and 
(hutting the cocks, water will be continually 
raifed, as long as the boiler continues to fupply 
the (team. 

For the fake of perlpicuity, the drawing is di- h 
veiled of the apparatus that ferves to turn the two 
cocks at once, and of the contrivances for filling 
the copper to the proper quantity. The engines 
of this conftru&ion were ufually made to work 
with two receivers or fleam veflels, one to receive 
the fleam, while the other was raifing water by 
the condenfation. This inflrument has been fince 
improved, by admitting the end of the condenfing 
pipe c into the veffel e, by which means the 
fleam is more fuddenly and effectually condenfed 
than by water on the outfide of the vellel. 

The advantages of this engine are, that it may i 
be ereCted in almoll any fituation, requires but 
little room, and is fubjeft to very little fridlion in 
its parts: its difadvantages are, that great part of 
the fleam is condenfed, and lofes its force upon 
coming into contact with the water in the vellel e, 
and that the heat, and clafticicy of the fleam mutt 
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be increafed in proportion to the height the water 
is required to be raifed to. On both thefe ac¬ 
counts a large fire is required, and the copper muft 
be very ftrong, when the height is confiderable, , 
otherwife there is danger of its burfling. The fol¬ 
lowing engine is much to be preferred when the 
work to be done is heavy, and is lefs chargeable 
in fuel, becaufe it a£h> by means of fleam whofe 
denfity is not much greater than that of the com¬ 
mon air. 

k In fig. 144, h reprefents the copper boiler on 
its furnace. £ is a cylindrical veffel of iron, in 
which the pifton o o moves up and down; the 
edges of the pifton being armed with oakum and 
greafe, render the whole cavity between the pifton 
and the bottom of the cylinder air-tight, f is a 
cock to admit Hearn into the cylinder from the 
boiler. 1 k is a lever, attached to the pifton at r, 
and at k to the pifton of a pump which works 

9 

on that fide, p is a folid pifton moving in the 
pipe r m, and loaded with a heavy weight at p. 
a b c is the main pipe that receives the water forced 
from r m through a valve c opening outwards. 
n is an air-veffel communicating with the main 
pipe, d is a valve opening upwards, and at m 
is the water to be raifed. 

1 In the drawing, the erfgine is reprefented in the 
pofition it has at' the end of a forcing ftroke, 
which is like wife its pofition when at reft. Sup- 
pofe the main pipe a b c to be filled with water, 
and the water in the copper h to boil ftrongly. 

The 



DEPRESSED BY THE ATMOSPHERE. 87 

The cock f being then opened, the fleam rulhe§ 
ii\to the cylinder, and being much lighter than the 
air, .rifes to the top, and expels the air through a 
valve in the bottom of the cylinder. This being 
accomplilhed, f is lhut, and the ccck g commu¬ 
nicating with the main pipe is opened, which imme¬ 
diately condenfes the fleam, by violently fpouting 
cold water againft the bottom of the pifton. A 
vacuum being thus obtained, the preffure of the 
atmofphere forces the pifton down to the bottom 
of the cylinder; the lever 1 k is moved of courle, 
the pifton p cl with its weight is railed, and the 
water afeends in the pipe m r upon the principle 
of the common pump. The cock c being now 
fhut, and f opened, the fleam enters the cylinder, 
and counteracts the preflure of the atmofphere on 
the pifton o o. In confequence of this, the weight 
p prevails, and drives down the pifton r cl, forcing 
the water through the valve c into the main pipe 
and its air veflel. The ufe of the air veffel is to 
prevent the main pipe from burfting by the fudden 
entrance of the water; for the air at n being 
elaftic, gives wSy to the ftroke, and its reaction 
during the time of elevating the pifton p <i_ con¬ 
tinues the *motion of the water, fo that its velocity 
is no more than half what it would have been if 
it had been impelled by ftarts, and refted during 
the railing of the pifton. By opening the cock g 
and (hutting f, the fleam is again condenfed, the 
preffure of the atmofphere again prevails, and thus 
the work may be continued at pleafure. 
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m In this drawing like wife, the mechanifm is omit¬ 
ted, that ferves to open and Ihut the cocks. This. 
office is performed by a beam and ropes attached 
to the lever i k., fo that the attendance required is 
very little more than is neceflary to fupply the 
boiler with water, and to prevent the fire from 
going out. 

n The chief advantage of this engine beyond the 
former is, that the water may be forced to any 
height without increafing the force of the fteam, 
which never need be much greater than that of the 
atmofphere* and therefore the boiler is very little 
endangered. The maximum of its power depends 
upon the area of the pifton o o; for the larger 
the area, the greater the column of the atmoiphere 
that preftes it, and confequently the heavier the 
weight p or counterpoife may be. If o o the pifton 
be 36 inches in diameter, it will be prelied by a 
column of the atmoiphere equal in weight to a 
column of mercury of that diameter, and 30 inches 
in height} that is to fay, almoft 7 ton. 

o But, notwithftanding the great Hull and con¬ 
trivance difplayed in this engine, it is at prefent 
almoft entirely fuperfeded by one of a much better 
conftniftion, invented and perfected by Meflrs. 
Watt and Boulton, of Birmingham. In their engine, 
inftead of the pifton o o being deprefted by means of 
the weight of the atmofphere, the fteam is thrown 
upon it, the upper part of the cylinder e being doled, 
atnd rhe rod l of the pifton which is fmooth and 
polilhed, being admitted through a perforation, 

which 
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which is wadded jfo as to be air-tight. The afcent 
of the pifton is Obtained by letting the fleam out 
of the cylinder into a veffel at a confiderable diC- 
L tance, where itvneets with, and is condenfed by a 
jet of cold water; while a vacuum is conflantly 
maintained in the lower part of the cylinder by the 
action of the pump that carries off the injection 
water. The force of fleam employed in this en¬ 
gine is ufually equal to one atmofphere and a 
quarter, and the whole apparatus is regularly 
worked by the principal lever 1 k. The advantages 
of this conftruftion are, that by increafing the force 
of the fleam the power of the engine may be in- 
creafed, without enlarging the diameter of the 
cylinder} and a lefs expence of fleam is required 
on account of the condenfation being performed at 
a diHance from the cylinder, which is nor* there¬ 
fore cooled by the inje&ion of the cold water. 

a 

This lafl circumflance renders the engine capable 
of making a greater number of ilrokes in a mi¬ 
nute with a much lefs expence of fuel than the old 
engine. In fome of the latefl improved engines 
the a&ion of the fleam is rendered equal on the 
lever, by adapting the figure of the arch at its ex¬ 
tremity, fo that the lever is in effe< 5 t rendered 
longer, towards the end of the flroke, where the 
power of the fleam is weaker. 

The elafticity of the air affords a method of p 
determining the depth of the fea in places where 
a line cannot be ufed. Fig. 145, is a machine 
for this purpofc a reprefents a large ball of fir 

or 
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or other light wood, varniflied over, to prefervc 
it from the effects of the water; b is a hollow 
glafs veflel, whofe contents in lea water are exactly 
known; fuppofe, for inftance, two pounds: its 
neck c terminates in a fmall orifice, and is bent 
downwards, to prevent the efcape of the included 
air, when it is immcrfed in water. At e is a 
Jpiing-hook, which, if at liberty, would Hand in 
the pofition e, but is prefied through a flit in the 
Item at the bottom, and kept to its place by hook¬ 
ing on the weight d. The whole inftrument thus 
prepared is fuffered to link in the water. And 
the confluence is, that as it finks, the preflure 
of the water continually increafing, forces its way 
into the veflel, and condenles the air contained 
within; but when it arrives at the bottom, the 
weight d ftriking firll, is Hopped, while the reft 
of the apparatus proceeds a little onwards, by rea- 
lon of its acquired velocity. The hook b being 
thus difengaged from the weight, flies back, and 
leaves it intirely, fo that the ball- a is at liberty to 
rife’ again to the furface. From the quantity of 
water contained in b at its emergence, it is ealy 
to determine the depth it has delcended to. For, 
fince the denfity of air is as the comprefling weight, 
the bulk of the fame quantity of air under dif¬ 
ferent preflures, muft be inverfely as the weight. 
And experiment fhews, that the mean weight of 
the atmolphere is equal to about 32 feet of fea- 
water: therefore, at the depth of 32 feet, the air 
included in the veflel c will fuftain the preflure of 
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two atmofpheres, and confcquently will be con- 
dcnfed into half its former fpace; at 64 feet depth 
it will fuflain the preffure of three atmofpheres, and 
be condenfed into one third of it", firft fpace, and 
"To forth. Suppofe, for example, an empty ball, as 
above defciibed, capable of holding two pounds 
troy of fea- water, were to deftend to an unknown 
depth in the fea, and at its return was found to 
contain > lb. 11 oz. 18 dwts. of water,, it is re¬ 
quired to find the depth ? Then, as the bulk the 
air was compreffed into, when at the bottom of the 
iea, which is expreffed by 2 dwts. Is to the bulk 
of the air before immerfion, expreffed by 2 lb. So 
is the weight of the atmofphere, by which the air 
was compreffed before immerfion, which is ex¬ 
preffed by 32 feet of water. To the weight by 
which the air was compreffed when at the bottom 
of the fea, 3840 feet. From which dedudt 32 
feet for the preffure of the atmofphere, and the 
remainder, 3808 feet, indicates the depth of the 
fea. 

This method is fubjedt to two objedfcions. The q. 
firft is, that probably the Ipecific gravity of the 
fea may be different at different depths, and con- 
fequently the preffures may not be as the depths: 
the other is, that air in very great condenfations 
does not ftridtiy follow the ratio of the preffure, 
but refills in a greater degree. A careful feries of 
experiments may however indicate the allowances 
necefiary to be made on both accounts, and in 
finall depths the inftrument is fufficiently accurate 
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on the principle already laid down. If this inftru- 
ment were to be applied to meafure considerable 
depths, the temperature of the fubmarine regions 
would require to be found and allowed for. 

It is a well-known fa£t, that an empty vefiel, 
that is to fay, a vefiel containing air, immerfed in 
water with the mouth downwards, will not be¬ 
come filled, bccaufe the fpring of the air will pre¬ 
vent the water from entering, as may be eafily ieen 
by the help of a wine-gjiafs. The diving-bell is 
conflrudted on this principle. It confifts of a large 
vefiel, or kind of calk,, fo loaded with lead as to 
fink when empty, with the mouth downwards. In 
the top is. fixed a cock to let out the air, and a 
ftrong pane of glafs to afford light to the divers, 
who fit on a circular bench in the infide. This 
machine is lowered into the water about twelve 
feet at a time, and at each paufie air is lent down 
in fmaller bells to the divers, and by them received 
into the cavity of the great bell, for the purpoie 
of expelling the water that enters as the preffure 
condenfes the included air. After it has arrived 
at the bottom of the fea, the operators continue 
by the fame means to replenish the air which be¬ 
comes foul by breathing, fuffering the impure air 
to efcape by the cock in the upper part, as they 
receive freih air by the barrels or fmall bells; fo 
that by this contrivance they can remain under 
water as long as .they pleafe. 

The air-balloon is of two kinds; the one in¬ 
tended to contain heated air, and the other in¬ 
flammable 
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flammable air. Hot air occupies more fpace -when 
colder (54, g), and inflammable air is much 
lighter at a given temperature than the common 
air of the atmofphcre. From this it follows, 
that any mafs of either heated or inflammable 
air, if at liberty, will afcend in the atmofphere 
with a force of buoyancy equal to the diffe¬ 
rence betwetn its own weight and the weight of 
an equal bulk of common air (9, b). If the 
heated or the inflammable dr be included in a bag, 
and the weight of the bag be lels than the dif¬ 
ference juft mentioned, the bag will be carried up¬ 
wards, though with a lefs degree of force, namely, 
with a force equal to the difference leffened by the 
weight of the bag. This is commonly called an 
dr-balloon; which, though its figure is not eflen- 
tid to its property of afcending, we will fuppofe 
to be a globe. If the magnitude of a balloon be 
increafed, its power of afcenfion, or the difference 
between the weight of the included air and an 
equal bulk of common air will be augmented in 
the lame proportion; that is to lay, in proportion 
to the cube of its diameter. But the weight of 
the covering or bag will not be increafed in fo 
great a proportion. For its thicknels being lup- 
pofed the fame, it is as the furface it covers, or 
only as the fquare of the diameter. This circum- 
ftance is the caufe why bdloons cannot be made 
to afcend, if under a given magnitude, with cloth 
or materials of the fame thicknefs. 

Fig. 
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u Fig.' 146, reprefents the balloon firft invented. 
It confifts of an immenfe bag of canvas, or other 
cloth, painted with a compofition that mayleflen 
its fufceptibility to take fire. A net covers the 
upper part of its furface, from which proceed 
ropes that fuftain a gallery to carry the adventurers 
and fuel. The lower part is affixed to the gal¬ 
lery, and open to receive the flreams of heated and 
rarefied air, produced by means of fire maintained 
in an iron grate, fufpended in the middle of the 
orifice. The firft inflation of the balloon is ef¬ 
fected by means of a fire made in a proper appara¬ 
tus on the ground, and the attached grate ferves 
only to maintain the requifitc degree of rarefac¬ 
tion, by furniffiing a fupply of heated air in the 
room of that which is gradually condenfed by cool¬ 
ing. It is afeertained from experiment, that the 
rarity of the air in thefe machines depends folely 
on its heat and its property of cooling flowlyj and 
it is likewife eftabliflied with a confiderable degree 
of certainty, that the weight of the incladed air 
is at a medium, about two thirds of the weight 
of an equal bulk of the air of the atmofphere. 
This balloon is raifed or lowered while in the at¬ 
mofphere, by increafing or diminilhing the fire. 

v Small balloons of thin paper, raifed on this 
principle by the flame of a fponge, or ball of 
cotton dipped in ipirits of wine, have been exhi¬ 
bited in every part of Europe. 

w The inflammable air-balloon, fig. 147, is pre¬ 
ferable to the other, in the prefent early ftate of 
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our knowledge. It is ufually formed of thin fillc 

varnilhed over. When filled with inflammable - 

air.. its tube of communication a is ufually clofed, 

* 

fo that the air is prevented from efcaping. The 
• ^ 

adventurers are placed in a car or fmall veflel b, 
attached to the balloon by firings, proceeding from 
a net that covers its'upper part. They carry bags 
of fand with them to ferve as ballaft, and the end 
of the tube of communication, as well as a firing 
that by pulling may open a valve in the top of the 
balloon, are continued down into the car. By 
thofe means they have, for a limited time, the 
power of afeending or defeending at pleafure. 
For the power of afcenfion is increafed by emp¬ 
tying one or more fand-bags, or diminifhed 
by fuffering the inflammable air to efcape either 
by the tube or through the valve. It may be oh- 
ferved, that the inflammable air, on account of its 
greater lightnefs, will not defeend dirough the tube 
of communication, unlefs either by its own ex- 
panfion from heat, or by the diminilhed preffurc of 
the atmofphere at great heights, it is made to 
efcape while the balloon is fully inflated ; but it 
will iflue from the upper valve, when open, in all 
circumftances whatever. 

The inflammable air produced in the large way, 
by the effufion of diluted vitriolic acid, on iron 
lhavings or turnings, is rather lefs than one fifth 
of the weight of an equal bulk of atmofpherical 
air. It is eftimated that a cubic inch of iron gives 
a cubic foot of inflammable air, and the ftrong 

vitriolic 
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vitriolic acid, fold in London, requires to be dfc 
luted by five times its bulk of water, for this* ex* 
- penmen t. . . 

v 

y To give at pleafure a ptogreffive motion to air* 
balloons, in any required diredion, is a problem 
of great importance in this newly difeovered art 
of penetrating into the fuperior regions of the at* 
xnofphere. Many wild and abfurd fchemes for 
this purpofc have been offered to the confideration 
of the publics and fome that have been carried 
into effed have ferved only to evince the ignorance 
or the artful quackery of their proje&ors. Little 
however of real value has been yet done towards 
accompli thing this purpofe. The grand difficulty 
of the attempt confifts in the large furface of re- 
fiftance expofed to the iiirrounding fluid, which 
has hitherto been fuch, that the quantity of air 
required to be difplaced is fo great, that the 
ftrength of the voyagers cannot difplace it with 
any confiderable velocity; that is to fay, when 
they have given a fmall degree of velocity to the 
machine, the refiftance of the air becomes fuch, 
that their whole ftrength will be employed in over- 

s 

z coming it, inftead of adding to the velocity. The 
principal objed therefore muft be, to conftrud 
the balloon of fuch a figure as that it may move 
through the air without difplacing any confiderable 
quantity of it. As to the application of the ftrength, 
it may be done by a variety of methods. 11 is re¬ 
quired that it fiiould be exerted on the air in the 
oppofitc diredion to that intended to be produced 

in 
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ib the balloon, and as no mechanifincan beftow or 
create ftrength (t. 73, e) the Smpkft machine will 
be thc x bpft, bccaufe the lofs by fri&ion will then be 
leaft. 

'The ufes to which machines of this kind may be a 
applied arc numerous, and will eafily occur to any 
ingenious perfon. It will probably-be long before 
the experiment will be performed in a fufficiently 
cheap way to admit of its being applied to the ordi¬ 
nary purpoles of travellers. Its uie on extraordi¬ 
nary occalions, for the conveyance of intelligence 
in military operations! for penetrating into places 
inacceilible by other means; or, for making philo- 
fophical obfervations on the fuperior regions of the 
atmofphere, are fufficiently obvious. We cannot, 
however, boaft of any addition having been made 
to the ftock of atmofphcrical knowledge, though 
very many aerial voyages have been performed. 
The probable caufes of this are, that the balloons ‘ 
have feldom afeended above two miles high; that 
the novelty and grandeur of the feene beheld from 
a balloon has prevented a ftridt attention to the 
phenomena , that may have prefented thenifelves; 
and more efpecially, that mod of the experiments • 
were performed by ignorant and mercenary imita¬ 
tors, who have been much more defirous of taking 
the advantage of the. furprize and credulity of the 
vulgar, than of making valuable obfervations, or 
relating them with fidelity. 

The invention of the heated air balloon is the 
undoubted right Of the brothers, Mefirs. Stephen 

Vol. II, H and 
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and John Mongolfier, who made the firft experi¬ 
ment at Avignon in November, 178 a. The firft 
balloon raifed in the' atmofphere by means of in¬ 
flammable air, was conftrufted by public fub- 
feripcion, opened by M. Faujas St. Fond at 
Paris. Meffrs. Roberts were appointed to conftruffc 
the machine, and M. Charles to fuperintend the 
work. It was launched from the Champ de Mars 
Auguft 27, 1783. The firft human being that 
afeended into the air by means of an air-balloon was 
M. Pilatrc de Rozier. He was afterwards accom¬ 
panied by M. Gironde de Vilette/and afterwards by 
the Marquis d’Arlandes. The balloon ufed in 
thefe experiments rofe by heated air, and was con- 
{lnifted by John Mongolfier at Paris. It was pre¬ 
vented from efcaping by ropes. The firft aerial 
voyage was performed with the fame balloon by 
M. Pilatre de Rozier and the Marquis d’Arlandes, 
who paired over the city of Paris November 21, 
1783. The firft aerial voyage with a balloon filled 
with inflammable air was made by Meftrs. Charles 
and Robert from Paris December 1, 1783. They 
were carried about twenty-feven miles in one hour 
and three quarters. The great rarity of inflam¬ 
mable air was firft afeertained (in 1766.) by Mr. 
Cavendifh, and the idea of its application to the 
purpofe of floating a bag in the atmofphere was 
explained by Dr. Black in his leftures next follow¬ 
ing that period. Several philofophers made attempts 
to carry this into efteft previous to June 1782, and 
fucceeded fo far as to inflate foap-bubbles with 

inflam- 
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inflammable air, which rapidly afcended to the ceil¬ 
ing of the room. But it is to the philolophic fpirit 
and liberality of our neighbours the French that we 
are indebted - for this experiment being completely 
performed in the large way, without whofe encou¬ 
ragement it might probably have long remained 
nothing more than a happy thought?. 

Oh the 14th of June, 1785, the intrepid and in¬ 
genious Pilatre de Rozier fell a victim to the new 
art in which he was the fird adventurer. He at¬ 
tempted to crofs the Britifh channel in company 
with a gentleman, whole name was Romain. His 
balloon confided of two parts: the upper contained 
inflammable air, and the lower part was a balloon 
for heated air. By this ingenious addition it was 
expe&ed, that a power of afcending or defcending 
at pleafure, without lofs either of ballad or of in¬ 
flammable air, would have been obtained. When 
the unfortunate travellers were at the edimate height 
of about fix thoufand toifes, the upper balloon took 

fire near the top, and burd. The. apparatus imme- 

* 

dirtely fell to the ground. Pilatre- de Rozier fird 
came to the earth: no figns of life were perceived 
in him, but his companion is laid to have uttered 
an exclamation before he expired. 

This mueh lamented event is fuppofed to have 
arifen either from the ele&ricity of the clouds 

letting fire to the dream of inflammable air that 

* 

* 

• For a further account of thU fubjeft, the EngliJh reader 
may have recourfe „to Cavallo’s Hiftory and Pta£tice of Aero* 
Ration. 

Ha idued 
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lifted from the upper valve, or from the inflam- 
mable air that efcaped, forming a train of commu¬ 
nication between the upper balloon and the fire- be¬ 
neath, which in its afcent was continually brought 
into the place before occupied by the balloon. 
This laft opinion is rendered moft probable, from 
the agitation and apparent diftrds obferved in the 
travellers a fhort time before the cataftrophe. They 
had prudently lowered the ftove before Pilatre de 
Rozier opened the upper valve. ‘ The efflux of in¬ 
flammable air occalioned by this laft manoeuvre 
was probably the immediate caufe of their deftruc- 
tion* f 


CHAP. VI. 

OF THE AIR-PUMP AND ITS USES, 

E The air-pump is one of the mod ufefol of all 
philofophical inftruments, whofe aftions depend 
on the properties of the air. By the help of this 
machine, all that has been Ihewm concerning the 
weight and clafticity of the air, is demonftrated in 
the moft Ample and elegant manner. Its conftruc- 
tion is as follows: eigh (Ag. 148) is a fquare ta¬ 
ble of .wood, a A are two ftrong barrels or tubes 
of brafs, Armly retained in their poAtion by the 
piece t t, which is prefled on them by ferews o o. 
Axed op the tops of the brafs pillars n n. Thcfc 
barrels communicate with a cavity in the lower part 

/ * See the Courier die l’Eutope for July i, 1785, 

P. 
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D. At the bottom within each barrel is fixed * 
valve, opening upwards, and in each a pifton works, 
having a valve likewUc opening upwards. The pif- 
tons are moved by a cog-wheel in the piece tt, turn¬ 
ed by the handle b, and whole teeth catch in the racks 
of the piftons c c. pqjr, is a circular brafs-plate, 
having near its center the orifice k of a concealed 
pipe, that communicates with the cavity; in the 
piece d at v is a fcrew that clofes the orifice of an¬ 
other pipe, for ‘ the purpole of admitting the exter¬ 
nal air when required, lm is a glafs-receiver, 
out of which the air is to be exhaufted. It is placed 
on the plate p qjr, firft covered with a wet Ihcep- 
fkin, or fmeared with wax, to prevent the air 
from infinuating under the edge of the glafs. 

When the handle b is turned, one of the piftons 
' is railed, and the other deprefied; a void ipace is 
confequently left between the railed pifton and the 
lower valve in die correfpondent barrel: the air 
contained in the receiver l m, communicating with 
the barrel by the orifice it, immediately raifes the < 
lower valve by its fpring, and expands into the 
void fpace; and thus a part of die air in the re¬ 
ceiver is extracted. The handle then being turned 
the contrary way, raifes the other pifton, and per¬ 
forms the fame adt in its correfpondent barrel; 
while, in the mean time, the firft mentioned pif¬ 
ton being deprefied, the air, by its Ipring, clofes 

the lower valve, and, raifing the valve: in die 

" \ * * 

pifton, makes its efcape. The motion of the 
handle being again Kverfed, tho||rft' barrel again 

H 3 Y • exhaufts 
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exhaufts while the fecond' difcharges the air ill 
its turn: and thus, during the time the pump is 
worked, one barrel exhaufts the air from the 
receiver, while the other difcharges it through the 
valve in its pifton/ 

t> Hence it is evident, that the vacuum in the 
receiver of the air-pump can never be per fed; 
that is, the air can never be entirely exhaufted: 
for it is the fpring of the air in the receiver that 
raifes the valve, and forces air into the barrel, and 
the barrel at each exfudion can only take away a 
certain part of the remaining air, which is in pro¬ 
portion to the quantity before the ftroke, as the 
capacity of the barrel is to that of the barrel and 
receiver added into one fum. 

e This, however, is an imperfedion that is fel- 
dom, if ever, of any confequence in pradice, be- 
caufe all air-pumps, at a certain period of the 
exhauftion, ccafe to ad, on account of their imper¬ 
fect conftrudion. For the valves ufually confift of 
a piece of oiled bladder tied over a hole, fo that 
the air is at liberty to pafs by lifting up the bladder, 
but cannot return again, and there will unavoidably 
be a fmali fpace left between the lower valve and the 
pifton when down. Now, it will happen, when the 
air in the receiver is very rare, that its fpring will 
Opt be ftrong enough to overcome the adhefion of 
ti»e bladder forming the lower valve, which, con- 
fequendy, will remain fhut, and the exhauftion 
cannot proceed. Or, before this period, it may 
happen, that air between the valves when the 

pifton 
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. pifton is up may be fo fmall as to lie in the ipace 
between the two valves when the pifton is down, 
without being fufficiently condenfed for its fpring to 
overcome the adhefion of the bladder forming the 
upper valve, and the weight of the atmofphere that 
prefles it: in this cafe the upper valve will remain 
fhut, and the exhauftion cannot proceed. In the 
beft air-pumps thefe imperfections are in a great 
degree removed. For the adhelion of the bladders 
is much diminifhed, and the aCtion of the air upon 
them increaied, by fubftituting a number of large 
holes of paflage, inftead of one fmaller. By cauf- 
ing the rod of the pifton to pals through a collar 
of leathers, ferewed to the upper part of the barrel, 
and placing another valve for the paliage of the 
extruded air, the prefture of the atmofphere is pre¬ 
vented from afting on the pifton, fo that the whole 
fpring of the air between the pifton and lower valve 
is exerted in overcoming the reliftance afforded by 
the valve of the pifton. There are alio contrivances 
for opening a communication between the receiver 
and the barrel, without depending on the fpring 
of the air. One of the beft of thefe confifts in an 
additional piece that lifts the lower valve when a 
lever is prelfed with the foot: the lever com¬ 
municates with the interior piece by means of a 
rod that paiTes through a collar of leathers afijthe 
lower end of the barrel*. The beft fort of air- 

pumps are ufually made with a fingle barrel. 

• * 

* This ib the invention of one ——■— Haas, a workman ia 
London, who'has taken Out a patent, for it. 

' H 4 
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In meafuring the exhauftion there are two me¬ 
thods of proceeding. The one Ihews the denfity of 
the air left in the receiver, without regarding 
fuch vapours as may a flume an elaftic form in 
the vacuum: the other exhibits the fpring of die 
elaftic fluid in the receiver, without (hewing whe¬ 
ther it be permanendy elaftic air. The quantity 
of air is fhewn by an inftrument called the pear- 
gage. It conftfts of a glafs-veflel in the form of a 
pear, with graduations near its upper end, that 
denote certain known parts of its bulk. This is 
% included in the receiver, together with a veflel of 
mercury, into which its mouth may be occaflonally 
' plunged. When the exhauftion is made, the pear- 
gage is plunged into the mercury, and the external 
air admitted into the receiver. The mercury riles 
in the gage, and occupies the whole of its cavity, 
except a fpace at top, poflefled by a bubble of air, 
whole magnitude is known from the graduations, 
and is in proportion to the whole contents of the 
gage, as the quantity of air in the exhaufted re¬ 
ceiver is to an equal volume of the common at- 
mofpherical air. 

o This gage would be accurate for all purpofes, if it 
were not that moft fluid or moift fubftances afliime 
an elaftic form when the preflure of the atmofphere 
is removed. For this realon it ieldom indicates the 
elafticicy or aftual preflure of the fluid remaining in 
the receiver. The barometer gage is ufed for this 
, purpofe. If a barometer be included beneath a 
receiver, die mercury will ftand at the lame height 
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as in the open airj but when the receiver begins to 
be exhaufted, the mercury will defeend, and reft at a 
height, which is in proportion to its former height 
as the fpring of the remaining air is to its origi¬ 
nal fpring before the exhauftion. It is ufual to lay, 
the air is as many times rarer than the atmofphere, 
as the column it fuftains is lefs than the height the 
mercury ftands at in a detached barometer. On 
account of the inconvenience of including a barome¬ 
ter in a receiver, a tube of fix or eight inches length 
is filled with mercury, and inverted in the fame, man¬ 
ner as the barometer. This being included, anfwers 
the fame purpofe, with no other difference than that’ 
the mercury does not begin to defoend till about 
three-fourths of the air is exhaufted. .It is called 
the fhort barometer gage. Others place a tube, of 
a greater length than the barometer, with its lower 
end in a vefifel of mercury, while its upper end com¬ 
municates with the receiver. Here the mercury 
rifes as the exhauftion proceeds, and the preflure of 
the remaining air is fhewn by the difference be¬ 
tween its height and that of the barometer. This 
is called the long barometer gage. 

Thefe gages are not often conftruifted fo as to h 
anfwer the purpofe of Ihewing the degree of ex¬ 
hauftion to a great degree. For the mercury, 
though at firft boiled, to clear it of the air and 
moifture that adhere to it, and render it fenfibly 
lighter, gradually becomes again contaminated by 
expofure to the air in the bafon of either gage. 
They cannot therefore with ftri&nefi be compared 

with 
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with a good barometer , in which this docs not 
happen. If the tubes of the gages be lefs than 
half an inch in diameter, the mercury will* be 
fenfibly repelled downwards, lb a& to require a 
corredion for the long gage when compared with 
a barometer, whole tube is of a different bore, and 
to render die fhort gage ufelefs in great exhauf- 
tions. Thus, lor example, if the lhort gage have 
a tube of one-tenth of an inch in diameter, the 
mercury will fall to the level of the balon when 
the exhauftion is 150 times, and will Hand below 
the level for all greater degrees of rarefa&ion. 
Thefe difficulties may all be removed, by making 
the lhort gage in the Form of an inverted fyphon, 
with one leg open, and the other hermetically 
fealed. It muff be confeffed, however, that it is 
not eafy to boil the mercury in thefe; and the me¬ 
thod of doing it with fuccels cannot, with fufficient 
concifenefs, be defcribed here. 

1 Few air-pumps exhauft to lo great a degree as 
one thoufarid times by the barometer gage; but the 
pear-gage in fome circumftances will indicate an 
exhauftion of many thoufaiid times. 

k Several of the ufes of the air-pump have already 
been mentioned. The weight of die air is Ihewn 
by exhaufting it out of a botde (30, x) and its 
preflurc is proved to be the caufe of the afcent of 
the mercury in the barometer, becaufe in the va¬ 
cuum it is no longer fuftaincd. It will be proper 
to fubjoin a few more inffances. 

" *' If 
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If a lquare bottle, in whofe neck, is fixed a valve* l 
opening outwards, be placed under the receiver, 
and the air exhauftcd, the bottle, will be crufhed 
to pieces by the weight of the atmofphere when the 
air is permitted to return into the receiver. For 
the air is prevented from entering the bottle by the 
valve, which, before the exhauftion, fuftained the 
preffure of the atmofphere on its external furface, 
by means of the fpring of the included air acting 
equally on the internal furface; but in this experi¬ 
ment, being deprived of its internal air, it is. in¬ 
capable of bearing the weight of the atmofphere, 
which preffes it on all fides. If the bottle were 
round inftead of fquare it would fuftain the preffure, 
notwithftanding the exhauftion, by realon of its 
arched figure, that would prevent its giving way 
inwards. 

The quantity of this preffure on a given furface m 
is equal to the weight of a column of mercury, 
whofe bafe is the given furface, and whole height 
is the height of the mercury in the barometer. 
(32, b) To exemplify and prove this by the air- 
pump, it is ufual to inclofe in the receiver two 
brafs hemifpheres, as a and b (fig. 149), that fhut 
together like a box, and at the place of fhutting 
are lined with wetted leather. The air being 
cxhaufted from the receiver, efcapes likewife from 
the cavity of the hemifpheres, and when it is per¬ 
mitted again to enter the receiver, the hemifpheres 
are fo clofeiy prefled together, that the air cannot 
-enter at the .place of junction; they adhere toge¬ 
ther 
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ther therefore, with a force equal to the prelTure 
of the atmofphere, which is greater or lefs in pro¬ 
portion to the area of the circle at the place of 
junction. Thus, if the diameter of the circle where 
the hemifpheres are joined be four inches, the force 
required to feparate them mud exceed 2301b. 
troy. 

m Since bodies imnerled in fluids lofe parts of 
their weights, which are equal to the weights of 
mafles of the fluids refpettively equal in bulk to 
the bodies themfelves (8, z, a), it follows that 
bodies of different fpecific gravities, which are in 
equilibrio in the air, will not remain fo in vacuo. 
For in vacuo each body will re-acquire the weight 
they lofe while in the air, and the body, whofe bulk 
is greateft, will acquire the greateft weight. Thus, 
if a piece of cork be in equilibrio with a piece of 
kad, when weighed by fine fcales in the air, the 
■cork will preponderate in vacuo; the removal of 
the air adding proportionally more to its weight, as 
its bulk exceeds that of the lead. 

o The fpring of the air may likewife be (hewn in a 
variety of manners by the affiftance of the air- 
pump. Suppoie a fmall tube to be inferred through 
the cork of a bottle, half full of mercury, fo that 
the communication between the air included in the 
upper part of the bottle and the external air (hall 

be entirely cut off, the end of the tube being im- 

• • 

merfed in the mercury. Let this apparatus be 
placed tinder the receiver, and the air exhaufted. 

The fpring of the included air then prefling on the 

• # 

furface 
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furface of the mercury, will force it into the tube, 
and fuftain it at the fame height nearly as it Hands 
in the .barometer; for the fpring of foe air is equal 
to its weight ( 1 . a 2 , r), and confequently produces 

ah equal effeCt: but on account of the imperfc&ion 

■ 

of the vacuum, and the cxpanfion of the air in the 
bottle, by which its fpring is weakened, the mer¬ 
cury does not rile exactly as high as it does in the 
barometer. 

If a half blown bladder be placed in the receiver, p 
the included air will expand as the exhauftion 
proceeds, and will blow it up even to burfling. 
And if this bladder be inclofed in a box, whofe cover 
is loaded with weights fomewhat lefs than equal to 
that of the atmolphere, the cxpanfion will raife foe 
cover and fuftain foe weights. Thus, if the blad¬ 
der be inclofed in a box of 6 inches diameter, it 
will raife foe cover, though loaded with upwards 
of 500 lb. troy (32, b). 

The fpring of the air included in foe larger pores 
or veffcls of bodies, is the foundation of a num¬ 
ber of pleafing and inftruCtive experiments. Thus 
it is found, that wood is fpecifically lighter than 
water, only by reafon of the fpring of foe air in¬ 
cluded in its veffcls, that prevents the water from 
entering! for when this air is extracted, and the 
water, by foe ad million of the external air into foe 
receiver, is impelled into foe veffels of the wood, 
it is always found to fink to foe bottom. 

The refractive power of foe air is alfo fhewn by x 
the air-pump. For if fop air be exhaufted out of 

a prifmatiq 
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a prifmatic glafs-veffel, the rays of light will not 
pais ftrait through its fides, but*. in palling through 
the vacuum, will be deflected according to the 
eftablifhed laws of optics. The proportions of the 
lines of the angles of incidence and refraction, out 
of the vacuum into the air, are by this means 
found to be as ,100036 to 100000, which is nearly 
the fame ratio as is deduced from the refractions 
of the heavenly bodies. 

s It is likewife proved by the air-pump, that the 
air is the medium of found. A bell or fmall 
alarm clock, being rung in the exhaufted receiver, 
gives no found, but if the air be admitted, the 
found gradually becomes louder and louder, till the 
air in the receiver be of the fame denfity with that 
of the atmoiphere, at which time the found is no 
otherwile weakened than on account of the receiver 
that covers the bell. 

T The refinance of the air is exhibited in a ftrik- 
ing manner by the help of the air-pump j for, if a 
guinea and a feather be let fall together from the 
top of a tall exhaufted receiver, they both arrive at 
the bottom at the fame inftant.. 

u Among the very numerous inftances of the ufe- 

# 

fulnefs of this inftrument, we fhall mention but two 
more; namely, the difeovery of the abfolute necef- 
fity of air for the prefervation of life in moft ani¬ 
mals, and for the production and continuance of 
flame. Moft animals, when included in the ex¬ 
haufted receiver, are obferved to die in about 
five minutes, though the time is various in different 
4 fpecfesi 
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fpecies } and they moftly recover again, if the air be 
again admitted without being withheld too long. 
A lighted candle placed under the receiver, is ex- 
tinguifhed at the beginning of the rarefaction, and 
the fmoke hovers about the top of the receiver j 
but when the air is (till more rarefied, it becomes 
fpecifically heavier, and fubfides to the bottom. 
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BOOK III. 

SECT. I. 

Of Chemiftry. 



CHAP. I. 

CONCERNING HEAT. 

v Every change that can take place in bodies 
is effected by means of motion. The bufine^ of 
natural philofophy is to inveftigate the caufes of the 
ieveral motions, and the laws they follow. In many 
inftances thefe motions come under the infpeaion of 
our fenfes, but for the moft part they are perform¬ 
ed among the minute parts of bodies, and are only 
known by the effefts they produce. The foregoing 
part of this work has been chiefly confined to the 
explanation of the former kind of motions, which 
may be denoted by the general term mechanics. 
The latter, namely, the effe&s produced by mo¬ 
tions among bodies too minute to affeft the fenfes 
individually, are the obje& of a feience called 

chemiftry. 

V Heat is one of the moft important and general 

caufes of change in bodies. This term is com¬ 
monly 
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ftionty ufcd to denote as well the fenfation caufed 
by an incteafe of temperature in the human body 
as the ftate in which inanimate bodies are when 
their * temperature is increafed. In the following 
pages, however, it will not be neceflary to attend to 
the fenfation. The word temperature will be ufed 
to denote the ftate of a given folid, fluid, or vapo¬ 
rous body i with refpedt to heat; and the word heat 
will be ufcd to denote the cauls of that ftate. 

A body is faid to be hot or cold accordingly as w 
its temperature is above or below a given ftandard. 
The vulgar make ufe of the temperature of the 
human body as a ftandard for this purpofe. But 
this is by no means accurate enough for philofophi- 
cal purpofes, bccaufe the feflfations of no two per- 
fons agree, nor- even thofc of the fame perfon at 
different times. 


The dimenfions of a body are always increafed x 
with the temperature, fo long as the body retains 
the ftate of folidity, fluidity, or vapour, it happens 

t*|i V 

to poflefs, and has fufFered no change either in the 
combination or quantity of its chemical principles* 

This is the chief, and, perhaps, the only general 

* a 

criterion by which the changes of temperature carl 
be appreciated* 

Bodies in contact, or that communicate with each y 


other, will all acquire one and thfc fame temperature; 

%ftcr a certain length of time, however different their 

♦ ' 

refpe&ive original temperatures may have been. 

Their air two opinions concerning heat. Accord- z 
ing to one opinion, beat conftfts in a vibratory mo- 
Vol. II. - 1 cion 
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don of the parts of bodies among each other, who!!* 
greater or left intensity occafions the increafe or 
diminution of temperature: according to the other 
opinion, heat is a fubtile fluid that ea% pervades 
die pores of all bodies, cauflng them to expand by 
means of its elafticity, or otherwife. Each of thefc 
' • ©pinions is attended with its peculiar difficulties. The 
phenomena of heat may be accounted for by either 
of them, provided certain fuppofitions be allowed 
to each refpedtively j but the want of proof of the 
truth of fuch fuppofitions renders it very difficult, 
if not impoflible, to decide, as yet, whether heat 
con fills merely in motion or in fome peculiar matter. 
a The word quantity applied to heat will therefore 
. denote either motion Or matter, according to the 
opinion made ufe of, and may be ufed indefinitely 
without determining which. 

A Whatever heat may be, it is certainly lawful to 
affirm, that yrhen the temperatures are the fame, 
the quantities of heat are equal in equal bodies of 

the fame kind; thus, a pound of gold contains an 

* 

equal quantity of heat with another pound of gold 
at the fame temperature,* a pound of water contains 
an equal quantity of heat with another pound of 
water at the fame temperature, &c. Hence it 
follows, that the quantity of heat in two pounds 
of a given lubftance is twice as much as is contained 
c in one pound at the fame temperature/ and uni- 
verfally in homogenous bodies of the lame kind, 
the quantities of teat will be as the mafies, provided 
the temperatures be the feme. 

7 


If. 



coMMtmrcAtroir or mat. i rj 

' If two bodies that differ only in temperature be d 
brought into contaft, they will (*13, y) acquire a 
common temperature, and the quantity of heat in 
each will be equal {1.14, b). It is therefore feen,. k 
, that the hotter body has imparted half its furplus 
of heat to the other; and confequently the quan¬ 
tity of heat in one of the two bodies will be an 
arithmetical mean between the quantities originally 
contained in them. 

If two bodies of the fame kind that differ in f 
magnitude and temperature be brought into contact, 
they will (» ij, y) acquire a common temperature, 
and the quantity of heat in each will be (114, c) 
in proportion to the maffes: that is to fay, the a 
quantity of heat which caufed one of die two bodies 

to be hotter than the other will be divided between 

« ^ 

them in proportion to their rnalles. 

The quantities of heat required to be imparted to, h 

or fubdu&ed from, bodies of die. fame kind, in or- 

* 

der to bring their temperature to any given ftan- 
dard, will confequently be as their mafics. 

On thefe confederations it is tha.t the thermo- 1 
meter is prefumed to acquire the fame temperature 
as the body it touches. For the rnafs of the ther¬ 
mometer ought to be very fmall in proportion to 
that of the body it is applied to; in which cafe the 
quantity cf heat, it v gives ojit or receives in the 
aoquifiuon of the common temperature will be lb 
fmall as not fenfibly to afiedt the body under con- 
fideration, fo that the common ; temperature may 
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be taken inftead of the original temperature required 
to be found. 

<t 

It The arithmetical mean temperature between two 
equal bodies of the lame kind, as determined by 
experiment (115* e) will caufc the mercury in a 
thermometer to ftand very nehrly at an intermedi- 
.ate equal diftance between the ftations it would 
have had at the original temperatures of the two 
t bodies. The increments of expanfion in mercury 
are therefore very nearly as the quantities of heat 
i£ that caufe them. And the quantities of heat added 
to, or fubdudted from, a given body in contadfc 
■with a mercurial thermometer, will be exprefied 
by the number of degrees the thermometer rifes or 
falls. 

N Thus far the temperature and heat of bodies of 
the fame kind have been chiefly confide red; but if 
two equal bodies of different kinds and tempera¬ 
ture be brought into contadt, the common tempe¬ 
rature will feldom, if ever, be the mean between 
o the two original temperatures; that is to fay, the 
furplus of heat in the hotter body will be..unequally 
divided between them, and the proportions of this 
furplus retained by each body will exprefs their re- 
fpedtive difpofitions, affinities or capacities for heat. 
F If therefore a given i'ubftance, as for example fluid 

water, be taken as the flandard of comparifon, and 

* * 

its capacity for heat be called one, or unity, the 
refpedtive capacities of other bodies may be deter* 
mined by experiment, and exprefied in numbers in 
* die fame manner ms fpecific gravities ufually are. 

And 
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And btfcaufe it is eftablifhed as well from reafon q, 
as experiment, that the fame capacity for heat ob¬ 
tains is all temperatures of a given body, fo.long 
as its ftate of folidity, fluidity, or Vapour, is not 
changed, - ,ic will follow, that the whole quantities 
of heat in equal bodies of a given temperaturfe will - 
be as thofe capacities. And as the rcfpe&ivequan- r 
tides of matter in bodies of equal volume give the 
proportions of their fpecific gravities, fo the refpec- 
tive quantities of heat in bodies of equal weight and 
temperature give the proportions of their ipecific 
heats. 

A greater capacity for heat, or greater Ipecific s 
heat in a given body, anfwers the fame purpofe 
with rtfpeft to temperature as an increafe of die 
mafs; or (115, h ) the quantity of heat required 
to be added or fubdufted, in order to bring a body 
to a given temperature, will be as its capacity or 
Ipecific heat (f 17, r). 

The capacities not only differ in various bodies, t 
but alfo in the fame body, accordingly as it is either 
in a folid, fluid,’ or vaporous ftate. All the experi¬ 
ments hitherto made confpire to Ihew, that the capa- , 

r 

city, and confequently the Ipecific heat, is greateft 
in the vaporous, lefs in the fluid, and leaft in the 
folid ftate. 

The quantity of heat that conftitutcs the diffe- u 
rence between the feveral ftates may be found in 

■ s 

degrees of the thermometer. Thus, if equal quan¬ 
tities of water at 16 a 9 , and iqfc at 3 a° of tempera¬ 
ture, be mixed, the ice melts, and the common 

, I 3 temper ' 






1AT1WT HIAT. 


V 




temperature becomes 32°; tor otherwife, if equal 


quantities of frozen and of fluid water,, botjp at the 
temperature of 32 0 , be placed in a like fituation 
to acquire heat from a fire, the water will become 
heated to 162°, while the ice melts, without acquir¬ 
ing any increafe of temperature. In cither cafe the 
ice acquires 130” of heat, which produces no other 
effect than rendering it fluid. Fluid water there¬ 
fore contains not only as much more heat than ice, 
as is indicated by the thermometer, but alfo 130°, 
that is in fome manner or other employed in giving 
it fluidity. And as fluid water cannot become ice 
without parting with 130° of heat, befides what it 
had above 32° in its temperature; fo alfo fleam 
cannot become condenfed into water without im¬ 
parting milch more heat to the matters it is cooled 
by than water at the fame temperature would have 
done. 

The heat employed in maintaining the fluid 
or yapqrpus form of a body, has been called 
latent heat, becaufe it does not affefl the thermo- 


meter. J 

W * From the confideration of the fpecific heats of 
the fame body in the two ftates.of folidity and flui- 
dity, and the difference between thole fpecific heats, 
is .deduced a method of finding, the number of 
degrees which denote the temperature of any body 
Iminediatdy after congelation; reckoned from the 
natural zero, or abfdlute privation ofhe^t. The rule 
is; multiply the degrees of neat required to reduce 
any-folid to a fiuidftateby the number expreffing 

the 
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tjhc fpecific heat of the fluid; divide this product 
by the difference between the numbers exprefling 
the fpecific heat of the body in each ftate; the quo¬ 
tient will be the number of degrees of temperature, 
reckoned from abfoluce privation of heat*. 

To give an example of this curious rule, let it be r 
required to determine how many degrees of refrige-. 
ration would abfolutely deprive ice of all its heat ? 
The degrees of heat necelfary to melt ice are 130, 


• This theorem is Ur. Irvine’s, and may be proved thu*; 
let t represent the required temperature of the body juft con* 
gealed, i = the number of degrees that exprefs the heat required 
to reduce it to fluidity, n == the fpecific heat of the folid* au4 
m = the fpecific heat of the fluid* Then, $ -f* 1 : $: : m : n. 

Whence s the temperature from the natural zero 


in thermometrical degrees of the fluid {117, u)* But bec&ufs 
the a&ual fall of the thermometer i# to be produced by coolr 
ing the folid, we tnuft pay attention to its capacity (1x7, s). 
The quantity of heat required to produce a given change of 
temperature in a body is as its capacity, and confequently the 
changes of temperature^ when the quantity of heat is given. 


will be inveifely as the capacities : therefore n : m : JS L : 

1 m 

rr s f ‘ Which is the rule given in the text* 


. .■ .• ' ■ « 

If the data 1 » m, and a, be accurately obtained by experiment 

la any one in (lance, and the difference between the zero of 
"Fahrenheit's fc&le and the natural zero be thence found in d«- 
of that fade, this difference will ferve to reduce all tem¬ 
peratures to the numeration which commences, fU the natarfl 
o. So that s being known in *11 cafes, if any two qf the ^ijaq- 

tides 1, m, or n, be given in any body* the other may be like* 
*■! ■ >, : . 

. . I m —s n m , s n . . * m—I m 

wife h& 4 > Forte————. And «=■ 
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and the fpecific heats of ice and water are as 9 tq 
10. The number 130, multiplied By 10, pro¬ 
duces 1300, and divided by the difference between 
9 and 10 quotes 1300: therefore if ice were cooled 
1300 degrees below 3a 0 , or to—1268 of Fahren¬ 
heit’s fcale, ic would retain no more heat. 

z It is unneceflary to point out the many phyfical 
caufes that prevent cither tne production or men- 
furation of this ultimate degree of cold. 

a Experiments on heat may be made by mixing 
fluid bodies* by placing them in a vale, v.hofe 
temperatuie, volume, and fpecific heat or capictty 
are known; or by placing tuem in concaCl with ice 
at 32°; in which lalt cafe, the quantity ot ice nelted 
by a body hotter than 32 0 will be in propoition to 
the quantity of abfolutc heat thac-cauies this diffe¬ 
rence of temperature, 

B Much care is required to prevent occafionai cir- 
cumftances from influencing the refults of thefe 
experiments. The mafles, fpecific heats and tem¬ 
peratures of the veffel and thermometer made ufe 
of, as well as the temperature ot the furrounding 
atooofphere, muft be attended to, 'Jhe thermo¬ 
meters muft be very fenfible, and give the tem¬ 
perature to tenths of degrees. The temperature of 
the mixture muft be taken in various parts of the 
veffel, and its rate of cooling aftercained at diffe¬ 
rent periods, in order to infer the common tempe¬ 
rature that would have taken place if the furplus 
of heat could have been equally diffufed at the firft 
inftant of the mature. When the melting of foe 

U 
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* 

$s made ufe of, it is neceflary that the ice expofed 

to the coritatt of the heated body fhould be de- 
■ 

fended from the adtion of the external air, by be¬ 
ing included in a vcffel furrounded on all fides with 
other ice at 32 > and the temperature of the room 
ought not to be much colder than 3 2 0 , left the 
melted ice (hould be again frozen, inftead of run¬ 
ning into the veffel prepared to receive it. 

The chief advantage which the opinion that heat, c 
is caufed by mere vibration pofieffes, is its great 
fimpiicity. It is highly probable that all heated 
bodies have an intel'tine motion or vibration of their 

0 

parts; and it is certain that percuffion, fri&ion, and 
other methods of agitating the minute parts of bo¬ 
dies will likewife increafe their temperature. Whv, 
then, it is demanded, ihould we multiply caufes, by - 
iuppofmg the exiftence of an unknown fluid, when 
the mere vibration of parts, which is known to 
obtain, may be applied to explain the phenomena? 

To this it is anfwered, that mere motion will not » 

» 

apply to the phenomena: for, among other fa&s, 
water at 32* contains more heat than ice at 3 2 
and ought therefore to poffefs more vibration, yet it 
does not communicate more to the thermometer. A 
part of its motion m,uft confcquently be latent or* 
incommunicable, which is an abfurdity. 

A happy explanation, of the manner in which the e 
temperature of a body is raifed by fridtion or percuf- 
• lion, has been given * on the fuppofition that heat 
- 4 matter.** If the parts of a body containing any 

* By Mr. Kirwan. 

Uui4 



122 FACTS THAT ^ESTABLISH 

fluid be made to vibrate ftrongly and irregularly, 
they will expel a part of the fluid out of the pores, 
provided the fluid be not fufficiently comprcfled to 
move in correlpondence with the vibrations. For 
in this cate a vibrating particle may be confldered 
as if its dimenfions were encreafed, which is in 
effect the fame thing as if the pores of the body 
were diminithed. The capacity of the body will 
, thus be diminifhed, and confequently its tempera¬ 
ture will be increafed (i 17, s). 

r All the changes of temperature from the moil 
intenfe cold to the utmoft violence of ignition may 
be explained from the changes the capacities 
of bodies, and confequently their lpecific heats, 

c undergo in the feveral chemical procefles. For 
univerfally, whenever the capacities of bodies are 
diminj/hed, either by freezing or condenfation, 
(117, t) by fii&ion or percuflion, (121, e ) or by 
a change in the chemical combination, then the 
temperature is increafed (117, s). And on the 
contrary, the temperature is diminiflied, or bodies 
become cold whenever their capacities for heat are 
increafed. 

h . Thus, in the foludon of various faline bodies in 
water, cold is produced; becaufe the capacity of 
the fait being increafed ( 11 7, t) by its becoming 
fluid, while the abfolute quantity of heat remains 
the fame, its temperature muft be diminilhed 
(117, s). Confequently, the common tempera¬ 
ture of the melted fait and water muft be lower 
than it would have been if the fait had not been 
diflolvcd (113, y). 

For 
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For the fame reafon a mixture of (now and fait, x 
applied at the outfide of a veflel containing water, 
produces a degree of cold that congeals the water, 
op would caufe a- thermometer to fall far beyond 
the freezing point. The fnow and fait arc ren¬ 
dered fluid by their mutual action on each other; 
their capacities for heat are increafed, their tempe¬ 
ratures confequendy diminifhed, and the water 
frozen by the lofs of the heat it imparts to pro- * 
duce a common temperature. 

So likewile, if a fmall glafs veflel, containing k 
water, be conftantly wetted' on the outfide with 
ether, the quick evaporation of this laft fluid will 
produce a degree of cold that will in a very fhoit 
time freeze the included water. For the fpecific 
heat of the ether, when converted into vapor, is 
fb great, that its temperature becomes very low, 
and cools the water even below freezing. 

The inftances of cold produced by evaporation l 
are exceedingly numerous. From this caufe it is 
that water is commonly about two degrees colder 
than the furrounding air; that damp clothes pro¬ 
duce fuch chilling effefls; that a wet hand, even 
though wetted with warm water, foon becomes 


colder than the other that remains dry, &c. See. 

The ipeciflc heat of atmofpherical air is found m 
by experiment to be confiderably greater than that 
of air Which is expired from die lungs of an animal. 
The ati* therefore undergoes a change in the lungs, 
Which dirninifhes its capacity and muft confcquent- 
ljr mcreafe its temperature! It is found alfo, that 

* the 
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the capacity of blood for heat is diminifhed in its 
courfe from the arteries to the veins. From thrfe 
caufcs the temperature of the animal is continually 
increafed. But the evaporation of perfpirable mat¬ 
ter increafes with the temperature, and produces 
«old. The equilibrium of thelc aflions appears to 
be the reafon why the temperature of any one lpe- 
cies of animal is nearly the fame in all climates. 

• Animals- that have no lungs are of the fame tem¬ 
perature as the fiirrounding medium. In cold 
countries the effedts of perfpiration, and the contadfc 
of the circumambient air are rendered Ids by the 
clothing, as' thick fur, hair, &c. that envelope the 
native animals, and are from necdlity made ufe of 
by the human fpecies. 

n The fpecific heat of combuftible matter is not 
confiderablej the fpecific heat of atmofpheric air is 
much greater than that of air' which has ferved 
the purpofe of combuftion. Suppofe now that 
by any means the temperature of a combuftible 
fubftance be raifed to fuch a degree*as that the 
chemical proqefs, which changes the capacity of the, 

v air, may go on, the temperature of the air will 
be raifed in proportion as its capacity is dimU 
niftied, its heat will be imparted to, and ftill more . 
inoreafe the temperature of the combuftible body. 
A very high degree of temperature will be pror 
duced, which will be greater in proportion to the 
fpecific heat of the air, the quantity decompofed 
in a given time, and lefs in proportion to the fa- 
. ciliey with which it is abforbed or conduced away 

by 
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by other bodies. This procefs is called combuftion, 
when it is carried on with fuch rapidity as to caufe 
the body to emit light, at which-time it is faid to 
be ignited; and it will continue till the principles 
of the body are fo changed or diflipated as that it 
can no linger make any change in the capacity of 
the furrounding air. 

The fridion of one piece of wood againft an- o 
other, in a turner’s lathe, produces heat and flame. 

A nail may b^ hammered till it becomes red 
hot. When flint and fteel are ftruck .together, 
minute portions of the fteel are knocked off, in fo 
high a degree of heat, that they are actually burned, 
and upon extindion are feen, with the magnifier, 
to confift moftly of hollow balls of a black or greyilh 
metallic colour, and about the one hundredth of an 
inch in diameter. When the fun’s rays are thrown, 
by a burning-glafs or mirror (i. 325, n), on any 
fubftance, they exceedingly increafe its tempera- 
ture, and produce th<! moft aftoniihing effeds. 

In all thefe phenomena the temperature fee ms to 
be raifed, at lead: in the beginning, by the dimi- 

> 

nucion of capacity, which is a confequence of the 
agitation of the minute parts of bodies. 

When water, or any. fluid, is heated, the quan- p 
tity evaporated in a given time becomes greater, 
becaufe the; heat which the greater capacity of 
fteam demands is more readily fupplied. The 
greater evaporation diminiihes the augmentation of 
temperature the fluid acquires, and at a certain pe¬ 
riod entirely deftroys it. This period or tempera¬ 
ture. 


v 
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tore, called the boiling point, _ is lower, the more 
eafily evaporable the fluid, and will vary in' the 
lame fluid, accordingly as the evaporation is moire - 
or lefs eaflly performed. Thus fpirit of wine boils 
at i8o p ,'water at ai2°, mercury at 600, and 
other liquids at other points refpe<Stive!y? at which 
they acquire the greateft heat they Are capable of 
fuftaining without being converted into vapor in 
the open air of a mean denfity. Bi t if the eva¬ 
poration be impeded, either by the fluid being in¬ 
cluded in a clofed veficl, or by tfie increased pref- 
fure of a denfer atmofphere, -the fluid will acquire 
a higher temperature; and, on the contrary, if the 
atmofphere be light, or the fluid heated in vaaio* 
the boiling temperature will be lower*. 


. • The theory of heat, as here explained, is due to th» 
immortal Dr. fclack, and has been improved and illuft rated 
by Dr« A. Crawford, Dr. Irvine, Mr, &irwan, ProfeiTor 
Wilkie#. Mr, Watt, Mr. Magellan, &c. 


CHAP, 
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CHAP. II. 

* 

A DESCRIPTION OF THE METHODS OF APPLYING 
HEAT TO CHEMICAL PURPOSES, 

«• * 

There are few fubftances found in a natural o. 
ft ate whole conftituent parts cannot be feparated 
from each other by the methods ufed in chemiftry., 
One of the principal methods confifts in altering 
the temperature^of bodies* 

A great number of bodies are found to be r 
capable of the folid, the fluid, and the vaporous 
or highly elaftic form, accordingly as they con¬ 
tain lefs or more heat. The temperature at which 
folids become fluid is exceedingly various in dif¬ 
ferent fubftances, as is likewife the temperature at 
which the internal parts of fluids begin to take 
a vaporous form, and efcape with ebullition. 
The number of degrees of temperature compre¬ 
hended between thefe two points of freezing and 
boiling is not governed by any relation yet dif- 
covered between thefe phenomena and the other 

1 1 

properties of bodies. Thus mercury freezes at 
49 0 below o, and boils at 6oo°; die inter¬ 
val being 649° j water freezes at 32®, and boils 
at 212 0 , the interval being i8o°$ fpirit of wine 
freezes at 52° below o, and boils at 180°, the in¬ 
terval being 23 2°. It is probable that all bodies 

1 

whatfoever ate capable of the three ftates of folidity, 
fluidity, and vapors but that in many inftances 

the 
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ithc freezing or boiling points may lie at tempe¬ 
ratures not obtainable by any means in our power* 
r Bodies that afiume the vaporous ftate at a lower 
temperature are called volatile, when compared 
with ,fuch as require a greater degree of heat for 
the fame pur pole.' Such bodies as either cannot 
he made to rife in. vapor, or require an intCnfe 
heat to raife them, are called fixed. 


v It is eafy to conceive how the parts of bodies 
may be feparated from each other by change of 
temperature. Thus, if foap be difiblved in fpirits 
of wine, and the temperature be rendered lower, the. 
fbap will a flume a concrete form, and be feparated 
long before the fluidity of the fpirits can be affe< 5 t- 
«ed. Water; mixed with fpirits .is converted into 
ice by cold, and feparated for the fame re^fon. 
Again, if a mixture of copper and lead be ex¬ 
po fed to a heat gradually increafed, the lead will 
be melted firft, and will run from the copper, 
leaving‘it in the fdrm of a porous mafs: or if 
brafs* which ig a. mixture of copper and a volatile 
(emi-metal called 2ink, be expofcd to a corifi- , 
derabie Hear, the zink aflirfnes the vaporous ftate,. 
and leaves the copper alone. So* likewife quick^ 
filver is feparated from gold* Water from clay, &fcl > 
v The purpofes of cheittiftry are in general much 
better anfwered by rsifing than by doweling: the 

a 

temperature of bodies. The moft ufual method 


of hearing bodies is, to place them in commuoiea* 
tion with others in a ftate of cofobuftionj that is 

. 'I *• ^ s * . f 

to lay, place them near a fire. ’ The veflels and 


1 


furnaces 
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furnaces made ufe of are various, according to their 
fevcral applications. 

Whpn fubftances of confiderable fixity are to be w 
ctfpofed to heat, or when the volatile parts of bodies 
are propofed to be diflipatpd into the air, open 
vcdels are ufed. The common culinary utenfils 

of copper or iron anfwer thefc intentions where the 

matter to be operated upon will not corrode them, 

% 

and the heat is not required to be very great. Glafs 
vcffels are the_ mod cleanly, and may be ufed in a 
great variety of proceffes. They have the advan¬ 
tage of refilling the a&ion of moft corroding mat¬ 
ters, are impermeable to air and vapor, and their 
tranfparency affords the valuable convenience of 
beholding the changes that happen within them. - 
In higher degrees of heat, fuch as would foften 
or melt glafs, it is necefiary* to ufe veffels of 
earth,. or other matter. 

A mattras, is a kind of botde fhaped mod: com- x 
monly like a Florence flafk, though its figure is 
various, according to the ufes it is intended to be 
applied to, fig. 150, letter c. A cucurbit, is a veflel 
, nearly of the lame figure, but with a long neck, 
fig* 15 °> letter a. It is made either of metal, glafs, or 
earthen-ware, A crucible, is a pot made ufe of 

p ' 

for melting metal and other fimilar purpofes. It 
is made either of platina*, forged iron, black lead, 

or 


* Mr. Achard'i procefs for making crucible* of platina is 
as follows; Take equal quantities of platina, white arfenic 
Vol. II. K and 
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or earth. A cupel, is a ih allow crucible* made of 
calcined bodies, arid ufed by affayers. The large 
crucibles of this kind, ufed by refiners, are called 
tefts. 

y In 'moft operations where the volatile parts of 
bodies are propofed to be feparated and preferved, 
it is neceflary to ufe clofed vefiels. To the. cucurbit 
a, fig. 150, is adapted the head b, denoted by the 
dotted line: from the head proceeds a tube that 
communicates with the mattras c, which in this 
cafe is called the receiver. The head b is inclofed 
within a tub or vefiel, called the refrigeratory. 
The whole apparatus thus difpofed is called an 
alembic or ftilL The matter to be operated on 
is put into the cucurbit a, and the head fitted on: 
cold water is poured into the refrigerator; and the 
receiver adapted to the tube, by means of an 

f 

earthy pafte, called lute. The fire being then 
lighted, forces the volatile fumes into the head b, 

' where they become condenfed by the cold, and 
flow in a liquid form into the receiver c. This 
procefs is called diftillation. 
z When diftillation is performed in the large way, 
a very large tub or veflel is fubftituted inftead of 


'Bhd 1 fait of tartar, and expofe them to a ftrong heat, dll the y 
j melt.* ’Thi* matter, when cooled, moil be reduced to powder, 
with, which. the mould pf the veffel intended to he formed 


muft be filled. A ilrong heat quickly railed, Under a muffle, 
and continued for fome time, will again fufe the mafs: the 
' arfeuic and fait of tartar will be forced off, and the platina 


’ ! will be left alone in the fora defired. 

the 
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&e refrigerator, and the vapors pafs through a 
fpiral pipe called the worm. Thus fig. 151, a is 
the body of the Bill, b the head, o the worm- 
tub* containing cold water,* and the dotted lines re- 
prefent the _ pipe called the worm,, terminating at 
£, where the condenfed vapors run out in a liquid 
form. 

But there are. many matters required to be di- a 
Billed that are not fuflkiently volatile to pals into 
the receiver by either of thefe methods. In fuch 
cafes the refrigerating part is omitted, and the 
cucurbit is made wkh its neck on one fide, as 
in fig. 152. It is then called a retort, and the 
receiver js ufually luted to the ncclc. Moft of 
the experiments made in the fmall way may be 
performed with retorts, if attention be paid to ap¬ 
ply more or lefs heat, according to the volatility of 
the produds expeded to come over. 

When volatile fubftances are railed by heat in a b 
dry form, the procefs is called fublimation.. If 
the fublimed mafs has a loofe powdery form, it is 
called flowers. Such are the, flowers of brimftoqe, 

• of benjamin, &c. An ordinary cucurbit, or mat- 
tjras, will ferve for the fublimation of fuch bodies 
as are not very volatile. When they are more 
volatile* the head b of .the alembic is a proper 
receptacle, fig. T 5 °>, efpecially if moiB produds 
arife arid are_ required to pafs at the' fame time into ' 
the receiver C. Iri other cafes the receiver is not 

' . £ , j ' ‘ * I . 

annexed,, and. number of heads are fixed one 
above the other communicating by necks, the 

K 2 uppermoft 
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uppermoft one only being clofed at top. Many 
fublimates are attached to the chiirihies of furnaces, 
among which common foot is a familiar instance, 
c Tbe conftrudtton of furnaces is as various as the - 
purpofes they are defigned to ferve. A lamp, fup- 
ported at different diftances below any chemical 
veffel, or burning with a variable number of wicks, 
is very ufeful where low degrees of heat are in¬ 
tended to be applied. Chemical veflels may be 
plunged to greater or lefs depths in a pot over the 
fire containing either water, mercury, a mixture 
of mercury and lead, fand, iron filings, or other 
matter capable of fuftaining heat. Thefe fub- 
ftances, interpofed between the veffel and the fire, 
compofe what is called a bath, and are of excel¬ 
lent ufe for imparting an uniform heat, not fubje£t 
to the fudden viciffitudes experienced by veffels 
expofed to a naked fire. Without this contrivance 
gjals veffels would often fly or craak. GJafs or 
earthen ^eflels, intended to fuftain a greater heat 
than can be givfen by means of a bath, are ufually* 

„ , , ' , , <r * 

coated with a mixture' confifting chiefly of clay 
and fand. 

a * 


♦The valuable method ufed by Mr. Willia, of Wapping, 
to feedre or repair bis retorts filed in the diftillationof phos¬ 
phorus, defervet to bp mentioned here. The vetorts are 
fineared with a foiution of bora*, to which fbme^^edlimp 


has been added, and when dry, fhey are again fipeared yOitJi 
a thin pafte of flaked lime, and liufeed oil. This parte being 
made fomewhat thicker, is applied with fuccefs during the 
drftjJlation, to mend fitch retom as crack by the Are. 
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Fig. 153, [eprefents the wind-furnace, or air d 
melting furnace. In this feCtion a denotes the afh- 
hoie,' b the grate, c a crucible placed on the grate, 
f a ftonc covering the upper part of the fire-place, 
g the fide-communication between the fire and the 
chimney eh. d is a cupel occafionally placed in 
the current of flame that ifiues from the fire. The 
fuel and pots are introduced at the hole f. The 
effedls of this furnace are eafily explained. Com- 
buflion (124, n) is more rapid and intenfe in 
proportion to the quantity of air fupplied and de« 
compofed. The preflure of the atmofphere up¬ 
wards at b is greater than the prefiiire of the co¬ 
lumn that afts downwards, becaufe the lower part 
of this laft mentioned column confide of a rarefied 
portion of air included in the cavity dcoeh, The . 
lighter column will therefore afcend with a velo¬ 
city fo much the greater as its rarefied part is 
longer and more rarefied. If therefore the fire be 
large, and the chimney high and, fufficiently nar¬ 
row for the air to pafs through before it is much 
cooled, a very powerful degree of heat will be pro¬ 
duced. 

Fig. 154, reprefents the reverberatory furnace, e 
B y means of the dome b the flames are driven 
hack, and made to play round the retort c; and oc- 
cafionally die fuel may be heaped round die re¬ 
tort, To is nearly to fill the dome. 

_ • j ' * - ' 1 

There are many other furnaces, for the making f 
of glafs, the roafting of!, pres, and extracting their 
contents, the firing of pottery, and other nume- 

. K 3 rous 
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rous purpofes, For the defer!ption and ufe of thefe, 

larger treatifes muft be recurred to. The philofo- 
pliical chemift may in general perform his opera¬ 
tions without being under the abfolute neceflity of 
tiling furnaces conftrufled on purpofe, or preparing 
any large apparatus orf vefiels. A tobacco-pipe 
is a very ufeful kind of crucible, with which 
many experiments may be well made in a common 
fire, efpecially with the aflt fiance of a pair of dou¬ 
ble bellows. Common chafing diihes, fmall iron 
ftoves, or the larger kind of * black lead pots may 
be applied to purpofes of the moft extenfive utility 
by an ingenious operator. Bottles of various 
lhapes, and other velfeis, may be found in com- 
! mon ufe well fuited to the performance of chemical 
cxpeiimenEs: fuch are apothecaries phials, Florence 
flalks, earthen pans, See. 

3 The blow-pipe is an inftrument of great ufe in 
the chemical examination of mineral bodies. This 
may be procured in the fhops, and confifts of a 
tube of about ten inches long, formed as in the 
figure (fig. 155)- The aperture a is about a 
quarter of an inch in diameter, and is intended to 

l jg 9 

be applied to the mouth in blowing; , the other 
aperture b is very fmall, fo that the wind iflues out 
in a fine ftreatn. .If now a candle be fhtiffed, and 
the .wick turned a'little on one fide, the flaitie may, 
by this ftream'of air, be - direfted'upbn any iShall 

< ' " j, • ^ * 1 ■ ' .; 1 ■, »*i ., 1 4 • n «• 1 . 

>• r. • h , .1,' * 1 - J ■ , , • t > S 

• I 

«. 

: * Tb method cif cooflrutfwg cheap and portable furnaces 
out of black lead pots, if described at large in “ Lewis’s 
. ff .fhilofophical Cojnmerce of £rts. ” 
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body, and is fufficiently active to produce every 
change that the ftrongeft furnace can effect on lar¬ 
ger bodies. 

The common blow-pipe is fubjeft to two prin- h 
cipal inconveniences; the firft is, that the moifture 
of the breath becomes condenfed in the tube, and 

* I 

occafionally fpirting out of the aperture b, either 
checks the burning of the flame, or produces other 
difagreeable accidents; the other is, that the aper¬ 
ture b being invariable, can only be adapted to a 
flame of one particular magnitude, whereas a larger 
flame requires a larger aperture. The blow-pipe 
beft fuited to philofophical purpofes is provided with 
a ball c (fig. 156) in which the vapors are detained, 
in dead of palling through the aperture b: and the 
piece b may be unferewed, and changed for another, 
accordingly as the aperture is required to be varied. 

If the aperture be not round and fmooth, the flame 
will be ragged and irregular. 

The body to be urged by the flame, directed 1 
and excited by a blow r pipe, ought not to exceed 
the fize of a grain of pepper. The beft fupporter 
to place it on is a fmooth dole piece of charcoal, 

which anfwers perfectly well for all matters that 

# / 

do not fink into its pores, 'nor are changed by its 
inflammable principle. In fuch cafes as the char¬ 
coal cannot be ufed, it is necefiary to be provided 
with a fmall fpoon, either of pure gold or pure 
filver, there being no other metals that admit of 
being worked with facility, but are changeable by 
heat. " 
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k The advantages attending experiments made with 
the blow-pipe are many. They may be nAde in a 
very fhort time in any place, by an apparatus that 
admits of being carried in the pocket. The quan¬ 
tity required of any material is fo fmall, that they 
are performed at a very little expence. And the 
whole procefs, inftead of being carried on in an 
cpake crucible, is vifible from beginning to end. 
They are therefore of great utility in examining 
bodies where experiments in the large way cannot 
eafily or conveniently be made, and where they can, 
thefe fmall trials previoufly made are often of fervice 
to indicate the beft way of conducting them*. 

l If the blow-pipe be ufed with the pure -iir, call¬ 
ed dephlogifticated air, obtained b/ diftillation 
from nitre, or other falts, it produces a greater 
degree of heat than can be obtained by any other 
method yet difcovcred, unlefs we may except the 
heat in the focus of a few of the molt capital burn¬ 
ing lenfes. 

m The burning glafs or mirror is feldom ufed in 
chemiftry, except on fuch occafions as do not admit 
of the other methods of heating bodies. 

• The ufe of the blow-pipe is explained by Guftav von 
Engeftrom, in a treatife annexed to the Engiiih edition of 
Cronftedt’s Mineralogy, and alfo by Bergman, in his Treatife 
dc tubo ferruminatorio, in which the habitudes of a great 
number of bodies in the fire, either with or without addition, 
are given. The Engliih reader will find this excellent work 
*t the end of Cullen’s Tranflation of Bergman’s Efiays. Lon¬ 
don. 1784. 
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chap. nr. 

AN EXPLANATION OF THE NATURE AND EFFECTS 

ofShe elective attraction, or chemical 

AFFINITY. 

■ 

It has been fufficiently (hewn in the former parts a 
of this Treatife, that the parts of bodies have a ten¬ 
dency towards each other, which is generally de¬ 
noted by the word Attraction. Were it not for the 
effeCts of this power, the motions*of all bodies 
would be performed in right lines (i. 21 , p), 
and their parts would be feparated from each other 
by the fmalleft impulfe. It is, in faCt, impoflible 
to form a notion how the-univerfc could fubfift in 

« v 

its prefent form without it. \ 

The firft rule of philofophizing (i. 6} leads us I 
to enquire whether the various effects of attraction 
• that take place ^in natural phenomena be conie- 
quences of one and the fame principle, or, if more 
caufes than one fhould, be concerned in producing 
them, how far the operation of each extends. If . 
the attraction of cohefion were the fame as gravita- 
tion, its power would follow the fame ratio of the 
diftances of bodies from each other (i. 207), and 
wattld be fenfible at very confidcrable intervals of 
fpace* but as it is perceived only at extremely c 
fmall diftances, and even gives place to repiilfion 
when the interval is increafcd (1. 47. z), iofeems 
neceffary to conftder it as a diftinCt property of 

matter. 
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matter, or, at leaft, as the effeCt of fome other 
caufe. 

d Whether the attraction of cohefion, or the power 
that relifts the reparation, by mechanical means, of 
the parts of folid bodies, be the fame as . tfoofe 
attractions which, on account of their being exerted 
more ftrongly between two given bodies, than 
between one of the two and a third of a different 
bind, are called elective attractions, or chemical 
affinities, has not been well decided. The enu¬ 
meration of a few fimple propofitions relpeCting 
attraction, generally confidered, may tend much 
to elucidate this bufineft. 


b As the attraction of gravitation is taken to be a 
general property of matter, aCting according to the 
maffes of bodies (i. i3. ij ct6, a), and we do not 
luppofe a variety of attractions, but of denficies, in 
bodies that are varioufly heavy, fo may one general 
property caufe the particles of bodies to adhere to- 
gether, though its intenfity, varying with the denfi- 
ty of thofe particles, may produce various effeCts. 
f f In alf the phenomena of attraction, the force is 

• * j ' 

„ greater when the diftance is left: and it is clear, 
.that particles of the fame mafs and denfity. may have 
various figures, fome of which, will admit of a 


nearer approach of their centers, when their, furface§ 
g are \n cohtaCt, than others. Such particles as jby their 
figure c;an admit of, their cerxter^ coming nearer to- 
gether, wjJ^ad^eje more ftrongly on that account.,, 


» truth of the.pofition, that the attrac- 

t;pns mpayed in the cohfftop of bodies, and in 
* '.'6; chemical 



CHEMICAL ATtRACtlON. 1^9 


chemical operations, follow the denfity of the par¬ 
ticles, it is no objection to fay, that the hardnefs 
and fpecific gravity of bodies are governeef by no 
common law: for the hardnefs, according to this i 
dodVrine, depends on the denfity, magnitude, and 
figure of the particles, and the fpecific gravity on 

the denfity of the particles, and the proportion be- 

% 

tween their aggregate bulk and the bulk of the 
(pace occupied by ^the pores of the bodies. And k. 
as thefe attributes do not depend on each other, but 
may vary indefinitely, there is no neceffary relation 
between hardnefs and fpecific gravity. 

The adhefion oflike parts, by which a body is l 
formed of the fame kind as the parts themfelves, is 
called aggregation; but the adhefion of parts, not 
of the fame kind as each other, by which a body 
is formed, having properties different from thole 
of the parts, is called combination. It does not m 
appear that combination is performed by any power 
different from the attraction of cohcfion, by which 
aggregation is allowed to be produced; or, in other 
words, the attraction of cohefion, and of chemical 
affinity, appear to be the lame power exercifed in * 
different circurtlftances. 


If a particle of matter be furrounded by others of n 
a certain kind in contadl with it, it-may frill 
att&ft and retain others, forming a fccond envelop¬ 
ing ffratilm, and fo on, according to the force of 
attraCHoit it exerts on foch particles. But at a cer- 
tain period the accumulation will ceafe,' on account 
pf the attii&ioii being inconfiderable beyond a 

limited 
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o limited - diftance. At tTiis period, if particles of a 
third different kind be prefented, they may be 
attracted and retained by the central particle not- 
withftanding, provided its attraction to thcfe laft 
v be ftronger than to the former: and accordingly, 
as thefe laft are more weakly or ftrongly attracted, 
they will either form an additional ftratum with¬ 
out, or will be urged inwards, fo as to difplace 
the others by forcing them out of the fphere of 
attraction. The phenomena will likcwife be diffe¬ 
rent in confequence of the greater or lefs force of 

attraction mutually exerted between the particles of 

\ 

different kinds applied to the central particle. 
r A particle furrounded by as many of another 
kind as it can retain, may be confidered as a fimple 
particle with refpeCt to fuch particles of a third kind, 
as it can AttraCfc and retain without difplaciijg the 
former. 



Let a particle be fuppofed to be furrounded by 
its many of another kind as it can retain, and 
alfo by particles of a third kind, enveloping the 
formeri let the attraction of the central particle 
be fuppofed greater in 1 like circumftances With re- 
jpeCt to the external kind, than to the kind of paf- 
ticles wHidi are neareft to it, but ftronger on thefe- 


laft, merely on account of their proximity; then, 
if the whole be heated, the refpeCtivediftances of 
ail the particles will be increafed (113, 4 x)j this 
increafe may augment the distances of the nearer 
in a higher pfopoMori than' of the remote particles, 
and confcquently caufe the attractions of the central 

* particle 
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particle on each to approach nearer to equality, or 
even caufc attraction on the external Itratum to 
become. greateft; and again, the inner ftratum of 
particles having their interftices rendered larger, 

Wi 

may admit the outer to pafs through without impe¬ 
diment, and poflefs the nearer place: that is to,fay, t 
heat may caufe changes of combination to take 
place that would not have obtained at a lower tem¬ 
perature. 

The limp]eft parts that enter into the compofi- u 
tion of bodies, namely, fuch parts as have not hi¬ 
therto been decompofed by any method of analyfis, 
or obtained by the combination of other fimplc 
bodies, are termed elements or firft principles. 

When a combination of two firft principles enters v 
into the compofition of a body, by uniting with 
fome other principle or principles, this combination 
is termed a fecondary principle of the body it enters 
into (140, ji). 

* ^ ** h 

Thus, when foap is diffolved in ardent ipirit a 
combination is formed into which, the foap though 
not a Ample fubftance, enters as a fecondary princi¬ 
ple, and from which it may be again feparated, 
by proper methods, in its original form. 

/ When principles are combined in fuch propor- w 
tjons a$,,to form a compound that exhibits the leaft 
^pft]ble H any of the diftinguifhing properties of the 
principles, they arc; faid, to be faturated with each 

V* » >> , * ■* ’ * • * , 

Other. If either principle exceed this proportion, 
it is laid to be imperfectly or partially faturated, and 
the other is faid to be fuperfaturated. 


For 
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■ Far example, iffpirit affelt, or the marine acid* 
be added to fait of loda, or the marine alkali; the 
compound will exhibit acid properties, if the 
firft abound beyond a certain proportion or if the 
latter predominate, the alkaline properties will, pre¬ 
vail} but if each be in due quantity, the'compound 

r 

will be common culinary felt, neither acid nor 
alkaline. 

x Mixture is the union of principles, which remain 
neverthelefs in confiderable mafles that adhere to 
each other relpe&ively, either by reafon of the 
. iimilar principles having a greater attraction to 
each other than to the principles of another kind, 
or becaufe die heat of the mafs is not fufficicntly 
great (141, t) to caufe that change which would 
produce an intimate combination of the whole. 

Oil and water, when ihaken together, do not 
combine but only mix, becaufe the parts of each 

•i 

jrefpeftively attradl thofe of the feme kind more 
ftrongly than the other: fo likewife pot-afh and 
fend may be mixed without combining, but an 
: increafe of temperature in the furnace of a glafe- 
houfe will caufe them to unite, and form the com¬ 
bination called glafs. 

y To produce a change in the combination of the 
. parts of bodies, it is in general required that 
..the temperature of the whole fhould be fufiiciently 
high to melt at; leaft qne oftlie principles. 

z When a fluid combines with another body wkh- 
out loflng its fluidity, this laft is laid to be held 
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in folution, * ordrflbltfed/and ;thfe fluid fe called a 
folvent or menftruum. 


- *A menftruum faturated with one principle may, a 
notwithftanding, cake up another (139, n, b). 

Thus fait may be diflolved in water, and when it 
is faturated, and will not a< 5 t bn fait, it will diftohre 
fugar. * 

When a fluid that holds one or more principles b 
in lolution lets one fall upon the addition of fbme 
new principle to which the combination has « 
greater affinity, the principle let fall is faid to be 
precipitated by the newly added principle, which is 
called the precipitant. 

Epfom fait confifts of magnefia, combined with 
the marine acid. If this fait be diffolved in water, 
and fait of tartar be added, the magnefia will fall to 
the bottom in the form of a white powder* and the 
fait of tartar will combine with the acid. 

When two principles being united are fo lepa- c 
rated on the addition of a third, that one of the ori¬ 
ginal principles quits the other, and forms a new 
combination with the third* the decompofition and 
•new combination are faid to be produced by Ample 
affinity. 

Common fait, as has been already obferved, is 
A combination of the marine acid with the marine 


¥ alkali. If oil of vitriol, or the vitriolic acid be 

l 

added, the alkali will quit its acid to unite by 
'Wronger affinity with the acid laft added: with 
• which it will form a hew fait, called Glauber s 


fait. 
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fait, while the marine acid being difcngaged, flies ’ 
off* in an claftic form. 

When two compounds, confiding each of two 
principles, are prefented to each other, and the 
combinations change the order of their principles, • 
becaufe the attractions of one principle of the one 
to one principle of the other, and of the remaining 
principle of the one to the remaining principle of 
the other, are, together, ftronger than the attrac¬ 
tions that tend to pnrferve the original form, the 
two decompofitions, and two new combinations, 
are fluid to be produced by double affinity. 

Sal-ammoniac is compofed of the marine acid, 
combined with the volatile alkali, or fait com¬ 
monly ufed in ftnelling bottles. If (al-ammoniaC 
in powder be mixed with flaked lime, the marine 
acid uniter with the lime, and the water of the 
lime joins with the volatile alkali, which riles imme¬ 
diately in penetrating dimes. This mixture being 
haftily put imp a retort, the water and volatile 
alkali come over together, by the affiftance of a 
gentle heat, in the form of a pungent fluid, called 
die cauftic volatile alkali, or, by apothecaries, fpirit 
of fal-ammoniac with quicklime. In this procefs it 
js not (imply the attraction of the marine acid to 
die quicklime, nor the attraction of the water to the 
alkali that occafions the"double change of combi¬ 
nation, but it is the united force of both attractions: 
for if dry hot quicklime, that is to fay, quicklime 
containing no water, be made life of, the fai- 

ammoniac 
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principles are not rakenttiy tb*.£fe& 

«g fome principle** may wtefc;;' cfo fe 

re&JMc more ealHMl thfe 
cafes Ie& is taken tig by a 
at a lower temperature fa probably, tbai^gen^; 
ral, effect of beat botng an oppoie (113* a$ the' 
attractions .between bate qpgr.'operate 
itrongly than * the other cyu^i^c taken notice oC 
But it is probable that noiafc pf the cades wherein 
this efifeft jfeems to taka ptopente of ojunplc nature, 
Chemical procefics,^ is*. Which water is a princi¬ 
pal agent, are Bid tw fee jSW&fpted in the moift 
way: thofe which ate pot%nw& «* high tempera- 
ntfes, and wherein Water k Uttfr, if at all, con¬ 
cerned, are Bid to be performed in the dry Way. * 
Vol.II. L CHAT. 












CHAP. IV. 

I i 

Of roe FIRST COMPONENT PRINCIPLES OF BQOIES* 
OR SUCH -AS ARE THE MOST SIMPLE. 

> » 

h All bodies are parts, either ,of animal, vege¬ 
table, or mineral fubftaflccs* During the life of 
animal and vegetable fubftanoes, various procefies, 
both mechanical and chemical, are carried onf 
within them, by means hitherto very imperfectly 
explained. The principles that enter into the com- 
pofition of thefe are far from being fimple. As 
foon as their itru&ure is, by violence or other- 
wife, fa impaired as to deflxoy life, the arrange¬ 
ment of chemical principles begins to change. De- 
^pompofuiona and new combinations take place 
among the {olid as well as the flipd parts. The 
.^organization of the veffels is deftroyed, and ^ after 
a certain rime the whole, as for as obfervarion can 
follow the .procefles, returns to the general repo- 
v J&to ry of minerals or unorganized matter, from 
which it originated, and cannot again be diftinguifhed. 
1 ,, The fimplcft: bodies are air, water, fairs, earths, 
ami inflammables. Many .^hemical philoibphers 
of the v firft eminence arc now buried in difcoverifjg 
or afeertainang the component parts of thefe, hut 
the limit* of the prefent wojrk, as well as its. in- 
* tendon, will not admit of entering, except occa- 

rionariy. 
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fionally, into the confideration either of the fa&s 
or theories they have exhibited to the world. 

' Mapy fubftance^ may aflame the aerial form, k 
either from their difengagement by ftronger affinity 
(14^, c), or by increafing their temperature. Air 
is difiinguiihed from tranfparent vapor by its more 
permanent elaflicity. It is 'probable that this dif¬ 
ference con fills in the greater aptitude of vapor 
for imparting its heat to other bodies, or com¬ 
bining with them. There? are fcveral kinds of dr 
that lofe their elaflicity and combine with water, 
if prefented to them i and there are others that 
cannot be kept in an elaftic form for any length 
of time* merely becaufc of their aptitude to com¬ 
bine with every fluid that has hitherto been ufed 
to confine them. * 

When air is dafled’ among Ample fubftances, no- l 
thing more is therefore to be underflood than that'a 
variety of principles are obtainable in rliis form, 
much more Ample than it is probable they will 
ever be met with in any other. 

Water enters as a Ample fubfiance into the m 
compofition of many bodies. There are no abfo- 
lutfely unequivocal proofs of its having been chang¬ 
ed or decompofed in any chemical procefs. Yet if n 
lnfiamfnable air and pure dr be burned together, 
water is* produced which b fdd to be equal in 

wm 

weight to the quantities of dr made ufe of. 
Whence it is concluded, that water is compofed 
of thole airs combined together in the heat of Com- 
buftioh (141, t), during which aSt, the larenr heat 

L a . (ufi. 
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(118, v. 124, tf) that maintained 1 the Serial form 
is given out. " 

o The pureft natural water is rain, coBeAtd at a 
diftance from trees or buildings. 1 For chemical 
purpofes, •Water fhould be diftlBed in gfafs veflHs, 
with a heat hot fufficient to make it boil, and no 
more than two-thirds of the whole quantity IhouRJ 
be drawn off. The fighteft,* cleared;, and moft 
taftelefs water. Which' lathers weft with fbap, is 
purer than fuch waters as are deficient in thefe 
qualities. 

p Salts are fbch bodies as are diflcrfvabie for the 
moft part in Ids than two hundred times their 
weight of boiling water, and more or left affect 
the organ of tafte. They liquefy by heat, which 
caufes them to evaporate, either in part or to¬ 
tally, according to die component parts of the 
Alt, and the intenfity of temperature. 

Simple felts are either acids or alkalis. Com¬ 
pound Ikies are either combinations of acids With 
alkalis. Which are called neutral felts ; of acids 
with earth, ddled middle felts; of adds with me¬ 
tals, cilfed metallic felts; or combinations of thefe 
With each tfther. 1 

* Earths are taftelefs brittle fubftanees; differing 
from felts by'their left fbfcbftky m water, the 
diftinguHhing fiirtk bring not founded -in nature, 
but arbitrary. Water at a high temperature, as 
when confined in the ftrong metallic yefici catted 
Papin's Digefter, will diflblve feme, and pobably 
all earths. The. fubftanees claffed under this 

’ ' 4 tide 
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title am not fojufcle in the open air in left than 
between fix and feven hundred times their weight 
of boiling water. They are not fufceptibk of the 
metallic hiftre. In the fire they are fixed. A low 
heaf does not alter their form or pther properties, 
and Ample earths are not fufihle alone, by the 
mod violent heat that art can produce. 

The well known Ample earths are Ave j calcare¬ 
ous earth, or pure quick-lime; ponderous earth; 
magneAa; argillaceous earth, or pure clay; and 
Aliceous earth. Thefe earths have never yet been 
decompoled. Like all other Ample fubftaners, they 
are never found pure, but the methods ufed in die- 
miftry can eaiily Separate them from the matters 
they may happen to be either combined or mixed 
with. 

Late experiments have afeertained the cxiftencc 
of feveral other Earths; which however are neither 
fo plentifully diffufed, nor hitherto fb well known 
as to require a {dace in this Elementary Treatift, 
except by mere enumeration. Theft are, the 
Earth of Adamantine Spar*; the Earth from the 
Jargon of Ceylon t» boph difcovercd by Klaproth; 
the fiiAble Earth from New South Wales, difea- 
verpd by Wedgwood and the Earth from die 
Spar called ;he Stnmtipnitc, diftavered by Dr. 
Crawford§. For their di&b&ive characters and 

/ * 

* Annale# de Chipie, 1 . 183. 

t Journal de Phifique, for March 1790 
J PhrtefopUrtrf Trahfateons for ; 7I50, p 306. } 

$Mcditul CoaummkationJ, Vok'ir. alfo foil. TsSitfL 1784. 
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properties, the reader muft recur to the authorities 
quoted below. ’ 

Every change produced in bodies is evidently the 
confluence of motions among their parts. When 
thefe motions ere dtftinguiJhable by the fenfes,' the 
effects are called mechanical $ in moil other cafes 
they clafs with chemical ‘procefles. One of the 
moft linking and obvious means of 1 producing the 
latter change in bodies, confifts in altering their 
temperature. The means of doing this has been 
explained in the chapter upon heat. Whenever 
the temperature of bodies is railed fo as to render 
them luminous, a remarkable difference is feen in 
their habitudes when left to thcmfelves. Some 
of thefe ignited bodies gradually become cooled 
down to the tempuature of the furrounding air, 
w.thout having undergone any notable change. 
Others, on the contrary, provided refpirable air 
be v prefent, not only retain their luminous ftate 
and temperature, but become hotter, are internally 
agitated as, to their parts, and do 'not return to 
the common temperature until a complicated che¬ 
mical procefs has been effected to the entire dc- 
ftru&ion of the original form and rtioft of the 
propestics of the body ‘it&lf. This procefs is 
diffmguifhed by. die name of combuftfon, and 
the «hvs changed is laid to have been 
burned* t dt is trident that ill bodies whatever may 
be daffod either ah eobbuftibltr or ineombuftibte} 
bnd i« 4 s equally dearth*. the doftrine of combuf- 
tjon thuft *hp^namof cfaemfcd foience* 

^ ' Wherever, 


wriooirrow. i^i 

’ Whenever we diiceman eminent property in 
any fubfUfcce fubmitted to cur obfervation, • we 
cither commit die faft to memory:; to be applied 
in cur future reafonings, or elfe wet deduce its, exift-> 
ence’from'foiTle fbnfeer iaft fuppofed to have been 
eftabiidied in the fame manner, Thus in the in* 


* fiance before us, 1 phitafophers, after. colle&ing as 
much information rdpe&ingcombuftion as they 
could, 'were formerly, content to rank combufti- 
bility among the prof>erfi«sof a few bodies, fuch 
as oils, fulphurs, and bitumens;' and accounted 
fot the combuftibility* of others matters by fup- 
pofing them to conrain more or lefs of thefe in¬ 
gredients. This do&rine was rendered more ge<r 
neral by the celebrated chemills Beecher and Stahl, 
and their numerous followers. Their theory is well 
known by the name of the Do&rine of Phlogifton. 
According to the moft modern arrangement of this 
theory, a body or chemical principle eminently or 
' rather fokly combuftible, always identical, capable of 
paffing from one combi nation to another, but never 
yet exhibited in a 'diftinft ftate,is the caufe o£ 
combuftibility in all bodies which contain it. It. 
has been afcertained by our cotemporaries that 
eombuftron dobs nottake place but. when refpirable 
air is prefent, and that this airis abfbrbed and en¬ 
ters into' combination wiriinhp bbdyeUmng its .com- 
buftion. >«The pbdogifbmlphiloibphers have; been 
compelled by this fadk to modify tbeir theory, and to 
affirm either that the phlogtfton itfelf unites wish the 
»r> add forn»i cs?mpound wbichi Jaccrdihg to cir- 



k 4 citmftances. 


t i 



jjft MMOIlXOtf, 

cumftanccs, unm with » dm fttfiduo -or.flics off, or 
elfc that the air itfelf mates with the sefidml mother, 
while the phlogiftod , xft^pes. Ther : increafe of 
temperature which 'takes piece during teorahuffion, 
is m every theory accounted for from the confix 
deration»of the* changes of capacity that take place 
during the proccfs, and most dpecialiy it is afeerr 
tainedvirom experiment and inference that die air in 
condenfatioo gives out a large quantity of heat. 

A rdpc&abte number of modern ebemifts have 
altogether rejected this modification of the ancient 
doctrine of fulphurs and oils. As it is evidently no 
advance in theory to fay a body is combuftihle ho 
caufe it contains fulphur or phlogifbon, which are 
alfo laid to be combuftibjp, it will follow that our 
enquiries ought to be directed to the events which 
take place "with thefe laft bodies, or at leaft with 
fuch as can be unequivocally fuhmitted to obfer* 
vatiorj, In all foch clear and unexceptionable cafes 
the faflp are limply, that the combu&ble body and' 
refpirable air are brought into contact that the 
temperature of the body is raifed by coq^numication 
or by qther means j that 4 the requeue elevation 
of teniperature the air begins to unite 

with the body itfelf, at the lame tunc that heat 
and light arc ^cyclop^* that this propels goes 
on uptil thp ^hoJp ^ thp ^qQpirp.bJe air i* abforbed, 
or unqi f^Jbogy wkh that principle i 

and tfc#t the npw^so^.i* fP aft cafes which admit 
of weight ok nKnihrffiqn,gqu^ tp.thc weight of die 
air which has dUappea?^ <ad 4«4 to., that of the 
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body which, was 'ilibje&cd to combuftfom The 
cxparanam ham Which tide 6£ts are deduced 
arc the combuftion of pbofphorus with Thai air in 
V cinfed vcficl, and the calcination or comfauftion 
of mercury and other metallic bodies, for which 
the writings of Lavoifier and the notes of the 
academicians upon Kirwan’s phlogifton, may be 
confulted. The preceding circumftances do not 
appear to teach us any thing further than that 
refpirable air and a comboftible body have united, 
and that light and heat have appeared. Reject¬ 
ing therefore at prefent the conlideration of the 
light and heat, which, if they be diftinCt fubftances, 
can fcarcely be clafled among principles of den- 
fity fufficient to be weight measured, it may 
be inferred that combul|km confifts in, or at leaft 
follows, whenever there is a rapid union of vital 
air with any other body. This is the pneu¬ 
matic or antiphlogifton do&rine* which though 
not firmly eftablifhtd in all its parts, yet being 
much more fifhply and dtftinfltly deduced from di¬ 
rect obfcrvation than the dofhine of Stafal, is like¬ 
ly Co be umverfally received as foon as the habits 
of philofophizing according to the old theory IhaH 
have been eradicated. 

, The fimplcft inflammable fubftances are, in- v 
flammable air, diamond, plumbago, fulphurs, 
and metals. More compounded inflammable mat- 
«re> hfpatic air, fpirits, ether, oils, bitumens, 
cM> and generally all animal and vegetable fub¬ 
ftances in their natural ftace. 

* 


When 
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When » metal U ffibje&ed tb corttboftton or any 
other equivalent pfocefs, it lofes its malleability, 
a {Tames many of the properties of an earth, and nb 
longer exhibits the Juftre peculiar to this clafs of 
bodies. In this ftate it is called a cabc, and forms 
combinations with faline fubftances. When the 
metallic ftate is re ft? red to a metallic calx, the me¬ 
tal is find to be revived. 

t very fubflance, which pafles from a fluid to 
a folid ftate, appears to have its pans at ranged 
in a fymmetrical order, that extends to a greater 
or lefs number of particles, accordingly as the 
influence of external circumftances, or the rapi¬ 
dity with which the change of ftate is performed 
are concerned in the procefs. Thus we fee that 
moft minerals j faline combinations, whether ob¬ 
tained by folution or fublimation; and metals, 
if luftcied to cool (lowly, have their peculiar 
forms, though in fome more evident and diftin- 
guifhable than in others. This property, called 
cryilallization, is by fome diftinguilhed into two 
kinds: the one made in a menftruum, as fait cry- 
ftalhzes in water, and the other by mere cooling, 
as when water freezes alone. Thofe wJio affirm, 
that heat is matter, imagine it to be the medium 
in which this la$ cryftakizafion is performed* 

would be of Angular, advantage in mineralogy, 
and every other fcipnee relate^ to cheqiiftry, if the 
external app$afanp« and figure of bodies could 
be applied to, tbp purppfe of knowing what clafs 
they belong t<* This p indeed dope with fame 

fuccefs, 
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facets, ,bft{fak£s hflVfl Opportunitics of examin¬ 
ing, m.any fpecirnen&s but . ho cooeife. general rules 
have ypt been ■ eftabii&ed* on account of the ■ex¬ 
ceedingly great number of exceptions that arife 
from ? circumftancos,; or differences in the com¬ 
pound* either too minute, for the chemical ana- 
lyfis to afeerrain* or apparently too infignificant 
to excite the attention of the' obferver. 


C H A P. V. , 

'■ * 

THE METHOD OF MAKING EXPERIMENTS ON VA¬ 
RIOUS KINDS OF AIR. . 


Experiments to be made*with the various kinds u 
of air require an apparatus .of veflels proper for 
confining it. The chief are thofe we are about to 
defrribe. ’ 

Fig. 157 ,. a, is a tub for Containing water, in w 
this nib is fixed a ftielf k, 1 c, fo placed that it 
may be about ah inch below the furface of the 


water, yifceft the tub is nearly foil, b Jtnd f are 
cylihdrical glafa jars. " r 't is a bottle/" into tHe 
neck bf which die beht tube d is fitted, by grind¬ 
ing. Suppdft : ix># veffel 'B be plunged 

iit • the -lb a» tb lie fiHedj and afterwards raif- 

edi kiriflite thcsmtH d owh ^aerds^ and placed on the 
foelf Ky it ^iU continue ftilf of Crater oh the ptin- 
tijft hmcmm&kcf i ■ iWiBJn fife ittadefoover- 
bhhg &*%&&&'to in¬ 

troduce 
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traduce dee 'end of die^oibe to beneash it| and 
if the vrfiel c contain foch matters -as by, their 
afhon on each ocher furnifh air;* the air will pa& 
through the tube Dt .and rife to the top of b, expel¬ 
ling mete or Itfs of the water. A candle may be 
applied beneath e in cafes where heat is wanted. 

x ’ e is a final] retort, fuppofed to contain materials 
that afford air to the veflfel r. , 

r Air may be transferred from one veffel to •an¬ 
other by the help of a glafs-funnel under water. 
Thus the veffel o being fuppofed to be previoufly 
filled with water, and placed on the fl^plf, over a 
hole in which the funnel h is ftuck, the air may 
be poured out of the veffel 1 through the fennel 
into g. 

z Many kinds of ahr combine with water, and 
therefore require to be treated in an apparatus in 
which quickftlver is made ufe of This fluid being 
very ponderous, and of confide rable price 5 motives 
both of convenience and ceconotmy, require that 
the apparatus fhoukl be made fmaUer than when 
water is tried. 

a Where- the change df dimanfions that fellows 
from the mixture of different kinds of air is requir¬ 
ed fe be afoertsmed, a^gra^eazed tifee (%. f 5$) 
ifi tpade ufe of. Andbeezsife the falubrky of com¬ 
mon sir fe fuppofed ito be dtecrnwtnabie by this 
means, fech afebc-teoslkd an eudiometer cube. 
Thor* are apparatus Of adds fknjrie conftrudrion, 
which.-are intended to>aofw^r thciiuWtfpurpofe, and 
am called eudiometers.. 


. Fig. 
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Fig. 159 is a glafi-apparotus for impregnating b 
water with fixed air* Jt conlUb of three vetfiels. The 
lower veffd c has an orifice or neck d, with a grounds 
ftopper; the reflbl 9 is fitted by grinding, into the 
neck' h. of the veffel o. At e is a glaGi-cock j and 
in the lower neck of the middle vellid b is a valve* 
opening upwards* This valve is competed of two 
tubes of glafs, with a moveable plano-convex lens 
between* as reprefented in fig* 160. The upper 
veffel a is fitted* by grinding* into the neck 1 of 
the veffel b. It terminates below, in a tubular 
form g* and is doled at top by the ftopper r. The 
procefs is thus conduced. Pieces either of marble 
or chalk are put into the lower veffel c* -and water 
poured thereon; the veffel b is then filled with 
water* and placed oa'c* by inferring its lower part 
in the neck h. The empty vdfel a is placed in like 
manner on b* its ftopper r being in its place. Laft- 
ly* a frflall quantity of oil of vitriol is poured into 
the orifice 0, which is then defied* The vitriolic c 
acid combines with die earthy part of the marble or 
chalk, and difengages the fixed air that entered into 
ks combination* which* of coyrfe* pafies through 
the valve at h* to the upper part of the veffbl b. The 
displaced water .being prevented from defeending by 
the valve* is forced up through she tube o into she 
veffel a 1 at the fame time that die common air ip 
this left vdfel is. parriy condenfed* and partly efcapes* 
by fifeing the ftopper r* which is ground conical* to 
prevent its flicking* When the water in b has de¬ 
scended as low as the orifice of o, the fixed air pafies 

up 
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up through the tube inftead of water, and expels the 
common air from the upper part of a. Both fur- 
faces of the water being thus expofed to the fixed 
air, this fluid gradually abforbed, gives the water 
that lively fubacid tafte, which is the diftinguifhing 
character of the Pyrmont water. 
d ■ Thofe who are not provided with the apparatus 
here defcribed, may fupply its place Isy the help of 
utenfils that are every where to be met with, a 
(fig. 161 ) is a half-pint phial; b a bladder, whofe 
neck is tied round a cork that fits the mouth of a, 
and has a hole made through it with a heated wire. 
The fame bladder is feen at d, with a bent tube £ 
ftaclc in the hole of the cork. In the phial a is 
chalk, with water acidulated with oil of vitriol. The 
fixed air that rifes is received in the bladder, previ- 
oufly moiftened. While the bladder is filling, a 
quart bottle c, full of water, is to be inverted into 
the bafbn r, which likewife containing a little water, 
prevents the comnSon air from riling into e. As 
fbon as the bladder is filled it is taken from the 
phial a. The tube s is inferred,' and its orifice 
carefully placed under the mouth of the quart bottle 
c, as in the figure. The, bladder being then prefled-, 
the fixed air afeends to the upper part of c at the 
fame rime that an equal bulk of water defeends into 
the bafon. By agitating the bottle e, without with^ 
drawing its neck from the water, the fixed air be- - 
comes abforbbd in a few feconds, and the water 
reafeends. This procefs being repeated two or three 

rimes. 
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the fixed air being lio longer ablorotd. . r . 

.TThough thus metbo|. p^fle^cs ‘jfce adyaptage. of e 
convenience, ,to fiich as cannot ufe the other, yet it 

t ' t ' ><' ift} ;• .^<4 . r* 1 # 

does not produce fo firong an imprecation ; partly, 
becaufethe water takes up more fixed air when con- 

' * i *■ • ’•i 1 1 , i f 

denfed by preffurc, and partly, becaulc in this laft 
method the water in the bafon being expofed to the 

- * * * * ' f. ^ ' j 1 • L l 

atmofphere, gives out a portion of the nx£d air 
.it contains. 
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CONCERTINO WATER, AdDS, AND ALKALIS. 


The properties of'water have been fo often ad- f 
Verted to in the former parts of this Treatife, that 
it is the left neeeffary fi> treat them diffufivety 
in this place. Water in freezing ufually afliimes 
a fymmetrical 'form,' which is that of needles crof- 

% i H > 

fihg each other at angles of 66 ° or 120°. This 
arrangement of the parts occafions the mafs to oc¬ 
cupy confidcfabiy more fpade than before, and 
the expanfion; - which’ isper&rmed almofi: ihfiantly, 
is effected with fuch ^ibdi^lbus' force, that no 
veflel has 'yet been ufed that 'can withftand it. 

ib-ffidls aftd ^un-barrels ' have been broken 
by freezing water in them. 

'Fjrdth this expanfion if is/ that ice "is ipecmcaiiy 

left 


if 
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left heavy than Wartr, and confoqucady floats ujton 
its furface. 

It ic equally difficult to afcettain any limits to the 
force with which water in a ftate of vapour may be 
expanded by hewc. 

Water bib uraverijrt a folvent, and enters into lb 
many chemical procefles, duttmoff philofophers 
overtook its agency, i& die cdnficferathfn of fafts 
it is concerned m : and to this cbcumftance it is, 
perhaps, chiefly owing, that its component parts 
have hitherto been tmdifcoveied. 
k Adds are bits, which are four to the tafte. 
They convert the blue colour of tin&urc of helio- 
tropium * to a red, and caufe an ebuffidon or 
efcape of air, if applied to chalk or mild alkalis. 
The affinity of the purer acids for water is fuch, 
that for the rnoft part they cannot be obtained in a 
concrete fate; and their a&bn on other fubftances 
is lb * general, that they are never found pure, but 
require the affiftaoce of art to reader them lb. 
x The acids found in the mineral kingdom are, the 
aerial acid or fixed air j the vitriolic acid, known in 
commerce by the name of oil of vitriol; the nitrous 
arid, catted fpirit of nitre j the marine acid, called 
Ipirit of frit) the acid of fpar, or fporry acid i the 
add of borax, catted fodadve fakt the lucrinoua 
acid* or arid of amber; die phe^horic arid; the 
arid of nao^bAma; the arid of arfonk, and the arid r 
of tungfleo Of *ohhm. * 

+Cal W litiaua hy the dyers. 
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The vegetable kingdom affords many acids: m 
thofe which have been examined chemically Are 
Viriegar, the acids of sartar, of ibgar, . of fbrrel, 
of lemony and of benjamin. - 

The acids peculiar to the animal kingdom are w 
the acids of milk, of fugar of milk, of ants, of tal¬ 
low and of pruffian blue. 

Vegetable and animal acids are io far from bang o 
fimple, that many of them are resolvable into air 
by die procefe of diftillation. The aerial and the 
phoiphoric acids, though enumeratod in the mineral 
kingdom, are alfo obtained in great quantities* both 
from animal and vegetable matters. 

Modern chemiftry has difeovered many acids, p 
and there is good reafon to expedt that their com¬ 
ponent parts will be difclofed by the labours of our 
cotemporaries } but the alkaline falts frill remain no 
more than three in number, and have not hitherto 
been treated in any method that promifes a fatisfac- 
tory analysis. They have a peculiar cauftic urinous 
tafte, and convert the blue colour of the rindture of 
heliotropium to a green. 

The vegetable fixed alkali, impure Samples of 
which are met with in commerce, under the names 
of Salt of tartar, pot-^Sh, pearl-aSh, &c. is mofr 
plentifully obtained from vegetable fubftances. 

The mineral fixed alkali is met with in an im- r 
pure Hate, in commerce, under the names of kelp, 
barilla, foda, or fait of foda. It is found ip die* 
.earth, either pure or in combination with other 
matters. The fra contains immenfr quantities of 
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it, where it is one of the conftituent parts of com¬ 
mon fait, and.it is the mod profitably obtained 
from vegetables that contain fea-falt. 

s The volatile alkali is fold by the apothecaries 
under the name of fmelling falts, or fel-volatile, 
in which date it is combined with a large portion 
of aerial acid. It is mod plentifully obtained from 
animal fubdances, being combined in them with 
other principles. The procefs of putrefaction 
throws it off* into the air, together with other 
volatile matters that vitiate, and often dilguife its 
fmell. 

t Alkalis, combined with the aerial acid, are laid 
to be mild; when they are diveded of every acid 
they axe called caudic. 


CHAP. 
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1 JHE PROPERTIES OF SIMPLE OR PRIMITIVE 

EARTHS* 

Calcareous earth exifts in a confiderably pure 
ftate in common quicklime. If pounded chalk be 
feveral times boiled in diftilled water to feparate 
by folution fuch marine matters'as may be found in 
it, the remainder will confift almoft entirely of cal¬ 
careous earth, united to about an equal weight 
of fixed air, or aerial acid. If diftilled vinegar 
be added to this powder, it will form a faline com¬ 
bination with the earth only, at the fame time that 
the fixed air, afluming an elaftic form, flies off. 
To this folution, decanted from the impurities, mild 
volatile alkali being added, the alkali will unite with 
the vinegar, while the calcareous earth combines 
with the fixed air of the alkali, and foils to the bot¬ 
tom. This powder, well wafhed and dried, is pure 
chalk, or calcareous earth united with fixed air. 
This laft may be driven off by fire, and will leave 
the pure calcareous earth difengaged. 

Calcareous earth requires about fix hundred and _ 
eighty times its weight of water to difiolve it at the 
temperature of 6o°, to which it gives a pungent 
tafte. This water, called lime-water, acquires "a 
white cruft on the furfoce, by expofure to the 
atmosphere, which breaks and foils to the bottom, 
another cruft forming foon after, and fo on till the 

M 2 whole 
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whole of the lime is precipitated. The precipitate 
is chalk, or mild calcareous earth; whenae the pro- 
cels may be eafily explained. For chalk is fcarcely, 
if at all, foluble in water: and the lime contained 
in the water being converted into chalk, by the 
accellion of fixed air from the atmofphere, becomes 
an infoluble cruft, that falls at intervals, as its 
quantity becomes too great to be (upported'at the 
furface. 

a This earth is loluble in all acids. It is infufible 
in every degree of heat yet obtained, except that 
of the famous lens of Parker, in London, which 
produced a (light beginning of fufion. Yet it 
will melt in a more^moderate heat, if mixed with 
. other earths, of which it then appears to be the 
flux or folvent. 

b The (pecimens of calcareous earth are very 
many. Lime-ftone, chalk, many kinds of mar¬ 
ble, and almoft every one of the numerous varie¬ 
ties of (pars, whether tranfparent or opake, conlift 

of this- earth combined either with the aerial or 

% 

fome Other acid. Aerated calcareous earth may 
;be known to predominate in any mineral, when it 
froths on the application of an acid. 

C Terra ponderofa, or ponderous earth, is not 
met with in abundance. The commoneft fpeci- 
mens are the ponderous fpar, or marmor metalli- 
cum, fo called from its great weight, belt known 
to our Englifh miners by the name of cawk. 
It is met with opake, white, grey or yellowilh, either 
irregularly (haped, or in a fingular form, refem- 

bling 
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bling convex lenfes, fee edgewife into the mala 
it adheres to. The transparent fpecimens are prif- 
mical, and of confiderable hardnefs. All tbele 
confift of ponderous earth, combined with the vi¬ 
triolic acid. 

Ponderous earth, combined with the aerial acid, d 

1 * 

has been found in Lancalhire, and elfpwhere. It 
refembles alum, but is of a ftriated texture, and 
its Ipecific gravity is 4,331. 

If the ponderous fpar, or ponderous earth com- s 
bined with the vitriolic acid, be expofed to a ftrong 
red heat, for about tvfo hours, with near twice 
its weight of fixed alkali, the acid quits the earth 
to combine with this laft, forming a neutral fait, 
which may be wafhed away, and leaves the earth 
combined with fixed air and water. Tlxe fixed 
air may be expelled by heat. 

Pure ponderous earth, thus obtained, is foluble f 
in about nine hundred times its weight of water. 
This water refembles lime-water in tafte, and de- 
pofits its earth, by expofure to the air, in the fame 
manner. 

f 

The properties of ponderous and calcareous o 

earth agree in many refpe&sj but in others they 

» — 

differ fo much, as clearly to fhew that they are 
not one and the fame earth, as has been fuf- 
pe&ed*. 

* See Bergman’* Works, Kirwan’s Mineralogy, and Witt¬ 
ering on tkc terra pondeiofa aerata, in Phil. Tranf. for 1784I 

M 3 ' Magncfia, 
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h Magnefia,*or magnefian earth, enters into the 
compofition of fome earthy lubftances, the chief 
of which arc fteatites, foap-rock, French chalk, 
afbeftos, and talk. It is in the fea-water in great 
quantities, combined either with the marine or 
vitriolic acids. Epfbm fait is a combination of 
the vitriolic acid with magnefia. If this be dif- 
fblved in water, and mild volatile alkali added, 
the magnelia is precipitated in combination with 
the fixed air, while the alkali unites with the vi¬ 
triolic acid. The magnelia thus obtained, con¬ 
tains one fourth of its weight in fixed air, and 
• about the fame quantity of water. Both are driven 
off by fire, by which the magnefia is rendered 
pure, and has fomewhat lefs than half the weight 
it pofieffed in its former mild ftate. 
j Clay or argillaceous earth, is found every where 
in great quantities, but in the native fpecimens 
it is always mixed with a confiderable quantity of 
other earths. Alum is a fait, confiding of argil¬ 
laceous earth, combined with the vitriolic acid. 

4 

If it be diflfolved in water, and the mild volatile 

* « 

alkali added, this laft unites with the acid while 
the earth is precipitated, combined with a fmall 
proportion of the aerial acid. 
k * Argillaceous earth imbibes water ftrongly, but 
is fcarcely foluble therein. When fufficiently di¬ 
vide^ it forms a tenacious mafs with water, fo 
as to admit of being moulded into various forms. 
It contrails very much by. heat, and acquires a 

flinty 
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flinty hardnefs by baking, which does not then 
differ any alteration from water; though its origi¬ 
nal foftnefs and tenacity may be again redored by 
folution in acids, and precipitation. 

This earth, which is fo ufeful in the arts, has l 
been applied*, with great fuccefs to the admea- 
lurement of the higher degrees of heat. For as 
the expanfion of the mercury, in a common ther¬ 
mometer, indicates the fucceffive augmentations of 
temperature, fo the contractions of the volume 
of a fmall brick of clay, by expofure to ignition, 
are found to be greater, the more violent the heat. 
By the help of which property we are in pofTeffion 
of an invaluable method of meafuring and com¬ 
paring thofe high temperatures, 

Siliceous earth, which is alfo called crydalline, m 
or vitrifiable earth, abounds in many fubftances. 
Cry dal is one of the purell fpecimens. Extreme 
hardnefs is mod commonly a chara&eriftic of fill— 
ceous earths, fo that ftones, in which it predo¬ 
minates, will (trike fire with (teel, or at lead will 
fcratch its furface, however highly tempered. 

To procure filiceous earth in a pure date, clear n 
cry dais, or quartz, mud be reduced into powder, 
and melted with four times its weight of fixed 
alkali. The compound is then to be diflolved 
in water, and the vitriolic acid added in confi¬ 
de rable quantity. The alkali and acid unite to¬ 
gether, forming a fait that remains in folution: if 


* By J. Wedgewood, Ef<j. See the Phil. Tranf, 

M 4 there 
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there be any other kind of earth prefent, it will 

likewife combine with the fuperfluous acid. But 

* . 

the filiceous earth being djfcngaged, falls .to the 
bottom in a fubtile powder, which muit be cleared 
of the (aline liquor by decantation, and repeated 
walhing with pure water. 

o This earth is adted on by no acid but the acid 
of fpar, or fluor. Fixed alkalis difiolve it, either 
in the dry or moift way. Like the other earths, 
it is not fulible without addition by any heat yet 
obtained. 

p Though the limple earths are all infufible alone, 
yet they may be fufed by mixture with each other. 
The calcareous earth is found to act as a men- 
ftruum in diflolving other v ardis ’„y fufionj and 
when it has once adted on any earth, a compound 
menftruum is formed, which is (till more efEca- 
cious on other earths. Hence it is that equal 
parts of any three of the limple earths may be fuied 
into glafs, provided calcareous earth be one of the 
number. 
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CHAP. VIII. 

THE GENERAL PROPERTIES OF COMBUSTIBLE 

BODIES. 

Combustibility was formerly fuppofed to con- 
ftitute a diftinCt and tftential character of bodies; 
and it Hill continues to pofleft fufficient importance 
with regard to the great and obvious changes in 
the univerfe to be admitted as a criterion of ar¬ 
rangement. :\ii bo^es are either combuftible or 
incombuftible, bat is highly probable that this 
difference arifcs merely from the latter having under¬ 
gone the proceft of combuftion or combination 
with vital air. Wheth.r this genera] notion be ad¬ 
mitted or n~t is however of lels confequence in 
our deductions from exiting and known faCts. 
The bodies which are capable of undergoing com¬ 
buftion are not numerous. Moft of them are aci- 
difiable. and perhaps they might all prove lb if 
we could acquire the means of completely burn¬ 
ing them. 

If we overlook the theory of Phlogifton for 
want of fufficient proof of its validity, we lhall 
be necefiarily led to conftder thofe combuftible 
fubftances as limple, which we have not hitherto been 
able to decompofe after they have been burned 
by any reduction capable of Ihewing that they are 
Convertible into fubftances different from the ori¬ 
ginal 
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ginal body, and the vital air employed in burning 
it. But ve mull not at the lame time overlook 
the circumftance, that in many inftances refpe&ing 
thefe fundamental enquiries, much of realbning 
and no ftnall quantity of incomplete deduction 
neceflarily mixes itfelf in the attempts which phi- 
lofophers. make merdy to alcertain the bare matter 
of fa£fc, in experiments where weight and meafurc 
can fcarcely be applied, and in moft inftances cer¬ 
tainly cannot. Under thefe limitations which the 
cautious and unbiafled fpiric which ought to 
prevail in our refearches neceflarily dictates, we 
proceed to enumerate the following as Ample com- 
buftible fubftances. 

Light inflammable air, called Hydrogen by the 
Anti-Phlogiftians, is an inflammable fubftance 
which has never been exhibited alone but in the 
ftate of permanent elafticity. In this (late it is 
much lighter than the air of the atmofphere. It 
is affirmed that the pureft kind is feventeen times 
as light. Whether it produces any acid by com- 
bullion has rtot been incontrovertably afeertainedj 
but there is little doubt that in a certain propor¬ 
tion it forms more water by Gombuftion with pure 
vital air. Befides the inflammable air' which is 
light, there are other kinds generally much more 
heavy and burning with a lefs luminous flame. 
From well inftituted experiments it appears to be 
proved that thefe laft fluids confift of the light 
inflammable air holding feme other combuftible 
matters in volution, fuch as fulphur, phofphorus, 

coaly 
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coaly matter, arfenic, and oil. The fulphureous 
folution is diftinguifhed by the name of Hepatic 
air,, becaufe ufually obtained from the combina¬ 
tion of alkali and fulphur called Hepar. The 
phofphorated inflammable air, is called pholpho- 
ric air. 

The diamond is a combuftible fubftance which, 
on account of its great commercial value, has not 
been fubmitted to many experiments; it is formed 
in various parts of the Mogul empire, and alfo 
in the Eaft Indian Iflands, and the Brazils. It 
is ufually of an odbohedral form, though not un- 
frequently in round mafies. The confeht of man- 

4 

kind has ftamped a prodigious value on the dia¬ 
mond j its great luftre, which feems to have been 
the property that originally attrafted their notice, 
is owing to two caufes. The firft is, that being 
the hardeft of all bodies, it takes and preferves' 
a mod exquifite polifh, and the other is, that 
its refraftive power is fo much greater than that 
of any other medium, as to occafion al! the light 
to be refledted (1, 270. a) which falls on any 
of its hinder iiirfaces at a greater angle of inci¬ 
dence than 24^ degrees. Now at a lefs angle of 
incidence in glafs on the internal furface than 41 
degrees, the light will be trahfrmtted; confequefttly 
if an artificial gem and a real diamond be com¬ 
pared, the light falling on each alike fituated 
win be thrown' back with its full glare from a 
diamond not only in all the cafes wherein glafs will 
reflefl it, but likewife at all the angles between 
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41 0 and 24?°> while the glafs differing it to pals 
through will appear Jifdefs and dull. It is no won¬ 
der, therefore, that the effect of the diamond is 
fo much greater. 

No acid but the vitriolic has any efledfc on this 
gem, in which if Diamond powder be triturated, 
and evaporation carried on nearly to drynefs, the 
acid grows black, and depofits pellicles that burn 
and are almoli entirely confumed. 

In a heat fomewhat greater than is required to 
melt filver, diamond is entirely volatilized and 
confumed, producing a flight flame and leaving 

a loot behind. Neither the elaftic nor fixed re- 

■ 

refidues have been examined. 

Sulphur or brimilone is an inflammable fubffance 
of a light yellow colour, either tranfparent or opake, 
brittle, odorant; it enters into combination with 
oils, alkalis, earths, and metals, at a temperature 
not much greater than that of boiling water; it eva¬ 
porates in the open air, and is decompofed, at the 
fame time emitting a flame which by day has the 
appearance of a white fume, but in the dark b 
luminous, though its heat is fo fmall that it may 
be fuffered to play again ft the palm of the hand 
-withput much inconvenience. At a higher tem¬ 
perature it burns with a vivid blue flame, and i$ 
decompofed more rapidly, the acid taking the form 
of air of a moft fuffbeating odour. This air called 
vitriolic acid air, unites with , water if prefent, and 
forms the volatile vitriolic acid, 

¥ 

* Sulphur 
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Sulphur is not decompofed, but fublimes without 

alteration if heated in a clofe veflel. 

• • 

Phofphorus is a yellow or white tran(parent lub- 
ftance confiderably refembling fulphur in its proper¬ 
ties. Like fulphur it burns with two kinds of flame, 
but is much more inflammable. Fourcroy affirms 

that the flow temperature with a white luminous 

* ' 

fume or flame, takes place in every temperature 
with which we are acquainted} and that the rapid 
combuftion commences at 147 0 . I found that the 
phofphorus of urine prepared by Godfrey, which 

• 9 

was probably lefs pure than that mentioned by 
Fourcroy, was not luminous in a freezing atmof- 
phere at about 14°, but became luminous repeat¬ 
edly as often as it was brought into a room at the 
temperature of 6o°, and that the fame phofphorus, 
placed in a veflel of water, burft into the rapid and 
flrongly luminous combuftion as loon as the water 
had acquired 160° of heat. In clofe veflels phof¬ 
phorus fublimes entire by heat, provided refpirable 
air be not prelent. The phofphoric acid is the 
produft of the combuftion of this fubftance. Phof¬ 
phorus unites with fulphur, and with metals; is lb- 
luble in inflammable air, in oils, and in ardent (pi¬ 
nt; combines with alkalis, and'feparates feveral of 
the metals from acids by reduction, at the fame time 
that itfelf becomes acidified. Phofphorus, like ful¬ 
phur, is found abundantly in the mineral kingdom. 
The greateft quantities are combined with calca¬ 
reous earths. 

4 Co 4 y 
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Coaly matter, which is obtained mod abundantly 
from vegetable fubftances by igniting them in fuch 
a fituation as to prevent the access of air, at the fame 
time that the volatile parts are at liberty to’ fly ofij 
is confidered as a fimple fubftance, and has been 
diftinguifhed by the name of Carbone. Charcoal 
contains a fmall proportion of faline matter and 
earth, but the combuftihle part takes fire when con¬ 
siderably heated in contact with vital air, and is by 
that means entirely converted into the acid which 
has been called fixed air. Carbone, or coal, appears 
to be foluble in alkalis and in inflammable air, it 
unites with feveral of the metals, pardcularly iron, 
with which it forms fteel when the proportion of 
coal is extremely fmall, and plumbago, or blacklead, 
when the proportion is fomewhat more than ten 
times that of the metal. It is a remarkable fad:, 
that thefe two combuftible fubftances, iron and coal, 
zee very difficult of accenfion when thus combined, 
io that plumbago is an ufeful material for meldng 
pots. 

Though carbone or coal is not very readily com¬ 
buftible, its attraction for vital air is ftronger than 
that of any other known fubftance, at temperatures 
above ignidon. Hence it reduces metals and va¬ 
rious acids to their original ftate of cotnbuftibilicy 
by attracting the vital air they may have combined 
with during calcination or acidification. 

The laft clafs of fimple combuftible bodies is oc¬ 
cupied by the metals; thefe are diftinguifhable from 
. all other bodies by their great fpecific gravity, and 

their 
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their opake taming appearance. They are all fufible, 
cryftallizable, and combuftible, many of them 
burn with actual exhibition of flame, but none of 
them are fo combuftible as to maintain their own 
ignition in air no purerUhan that of our atmofphere. 
In vital air feveral of the metals ignited at one ex¬ 
tremity, become completely burned throughout by 
the fucceffive propagation and developement of the 
heat. When a metal has undergone combuftion, 
its abfolute weight is greater than before, though its 
ljpecific gravity is leis. In this ftate it no longer 
taines, but has the dull appearance of an earth, and 
is diftinguifoed by the name of a calx. Some of 
the metals are acidiflable. Metallic calces are folu- 
ble in acids, and form falts. Such metals as are 
not calcinable to any fenlible degree by mere heat 
with acceft of air, are called perfect metals, fuch as 
are calcinable by fire are called imperfect: me¬ 
tallic fubftances that may be extended by hammer¬ 
ing, are called metals, in contradiftin&ion to fuch as 
are more or left brittle, and are called femi-metals. 
All metallic fubftances conduct the ele&ric matter 
with great facility. 

Of the metals hitherto difcovcred, the perfect are 
gold, platina, filver, and mercury, or quickfilver; 
the imperfeft are lead, copper, iron, and tin,* the 
iemi-metals are bifmuth, nickel, regulus of arfenic, 
cobalt, zink, regulus of antimony, regulus of man- 
ganefe, regulus of wolfram, and regulus of molyb- 
dena. 
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Or THE VITRIOLIC ACID, AND COMBINATIONS 
'WHEREIN IT IS A PRINCIPAL PART. 

s • 

b The vitriolic acid, is lb denominated becaufe 
obtained from the iak etfied vitriol. It is uftially 
obtained by combuftion of fulphur. Sulphur is 
either found native in the neighbourhood of vol- 
' canoes, or united with earths or metals. One of 
c the molt common fulphurepus compounds is the 
pyrites, or mundic. This confifts ufually of ful¬ 
phur, iron, clay, and filiceous earth. It is gene¬ 
rally of a yellow or greyiih colour, of a globular or 
cubic fliape, internally radiated, or fometimes la¬ 
mellar. With the fteel it ftrikes fire plentifully, 
whence its name is derived. If pyrites be expofed 
to heat in dofedveflels, the fulphur fublimes ; but 
in the open air it is decompofed by combuftion, 
the quantity and combination of the principles left 
in die mafs bring by that means changed. 

2> The pyrites, by long espofore to the adion of 
the air and moifture, fuffer a remarkable change 
jn dieir * domponenfc {km. The fulphur, by a flow 
proofs analogous to Combuftion, becomes acidified, 
attrads water, and unites witii theiron, forming vi¬ 
triol, "and withthe day, forrtfing alum (164, 1). 
Theft: may'fee obtained by folution in water; and. a 
iubfequeof evaporation diminiihev the quantity of 
' the 
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the Solvent, io ai to caufe the fain to fcplrite iri the 

ft 

form of cryftals. 

If vitriol be expofed to diftillation, the water that a 
entered into the compofition of the cryftals riles, and 
afterwards the grcaceft part of the acid, with fome 
excels of fuiphur combined with it, leaving a brown 
mafs in the retort, called colcothar. A fecond dis¬ 
tillation, with lels heat, Separates the Sulphureous 
acid, and jeaves the denfc concentrated vitriolic acid 
behind. 

This procefs for obtaining the vitriolic acid r 
is not now ufed, becaufe a cheaper method has been 
contrived «# procuring it* immediately from Sul¬ 
phur. A quantity of fuiphur and nitre grofsly 
mixed, are placed in a .vcfiel within a Small cham¬ 
ber or room, lined with lead, and Containing fome 
few inches of water on its bottom. The fuiphur is 
lighted, and the room elofed. The nitre lerves to 
maintain the combuftion, by Supplying pure air, and 
the vitriolic acid is thus volatilized in the form of 
air, which (169, w) combines with the water. 
To expedite this combination, it is laid that fteam 
of water is introduced into die elofed room during 
the combuftion. By a repetition of the procefs, die 
water becomes more and more add. The redun¬ 
dant fuiphur is either diffipated or acidified by ex¬ 
posure to air, and the acid is then concentrated by * 
diftilling off the foperfluou* water. s 

Vitriolic add is denfe, cokwrlefs, and has a c 
ftronger tendency to combination in xnpft calcs 
than every other add* It may be fo fsur deprived, 
Vol.II. N ' of 
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of water as to become concrete, but it attra&s this 
fluid fo powerfully as to deliqucfce by expofure to 
the atmofphere in a fhort rime, and does not ceafe 
to atcra< 5 t the humidity of the air till it has acquired 
more than fix times its original weight. In* cafes 
where a certain quantity of air is required to be 
diverted of its moifture, it may be performed by 
placing a cup, containing concentrated vitriolic 
acid, under the receiver that confines the air. 

h- This acid, and, indeed, every other chemical 
principle, is bert known by the phenomena it pre- 
fents, and the combinations it produces when united 
to other bodies. The moft commo^of thefe are 
here enumerated. The names are given according 
to the Nomenclature of Bergman, who converts 
the name of the acid in any combination into an 
adje&ive, which he applies to the b’afe or other 
principle: liich other fynonimes are likewife added 
as are moft commonly u£ed by chemical or medical 
writers. 

1 If the vitriolic acid be poured into a folution of 
the vegetable alkali, to faturation, which may be 
determined by a finall quantity of the liquid pro¬ 
ducing, no change of colour with the tincture of 
heliotropium (158, o) a neutral fait is formed that 
aiTume$ the. figure of .cryftals, as the water is dimi- 
ntfhed by evaporation .This is called vitriolated. 
vegetable alkali, or vitrioltted tartar, and contains 
thirty-one parts e of acid, fifty-three of alkali, and 
.fix of,water., Jt is not eafy of folurion in water, 
requiring fifteen times its weight to diflblve it in 

. * the. 
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the temperature of 6o°; but if the water be boiling, 
five parts are fufficienfc Vitriolated tartar is ufed 
only in medicine. 

The vitriolated miricral alkali, or Glauber’s fait, k 
may be produced in the fame manner, by making 
ufe of the mineral alkali inflead of the vegetable. 

It contains fourteen parts of acid* twenty-two of 

* 

alkali, and fixty-four of water, and refembles vitrio¬ 
lated tartar in many of its properties, but requires 
only three times its weight of Water to diflblve it at 
the temperature of 6o°. Great part of the water 
that enters into the formation of the cryftals is 
diffipated fey expofure for fomc time to the air, the 
fait gradually falling into a white" powder or effio- 
refcence. 

Vitriolated volatile alkali, or vitriolic ammoniac, l 
contains forty-two parts acid, forty of alkali, and 
eighteen of water. 

Vitriolated lime, commonly called fek-mtej m 
abounds in vaft quantities in nature,' and accord¬ 
ingly as its external appearance and texture differs, 
it is called gypfum, lapis fpecularis, alabafter. In 
the temperature of 6o° it requires about five hun¬ 
dred times its weight of water to diflblve' it, and 
from thence was formerly reckoned among the 
earths, though its component parts are thirty acid, 
thirty-two earth, and thirty-eight water. By expo¬ 
fure to heat a little below ignition, about twenty 
parts of its water aft diffipated, it the fame time 
that it falls into a powder, which is agitated by 
the vapburs that tfcape in fuch a manner as to caufe 

N a the 



ISO VITRIOLIC COMBINATIONS. 

the appearance of boiling. This powder is known 
in commerce by the name of plafter of Paris, and is 
chiefly ufed for making ftatues, and other articles 

w 

that receive their figure from a mould an ufe to 
which it is admirably adapted, by the fpeedy re- 
fumption of a folid form, when the water of cryftal- 
lization is reftored: for, if the powder be mixed 
with water, to the confiftence of thin pafte, it may 
be poured into a mould, and will run into all the 
ftrokes and cavities with the greateft facility; a few 
minutes after which, the water that maintained the 
ftate of fluidity, by mere mixture with the powder, 
combines intimately with it, and the whole mafs 
becomes folid. 

n Vitriolated ponderous earth, or marmor metal- 
licum, already dcfcribed, (162, c) contains eighty- 
four parts of earth, thirteen of acid, and three 
of water; in the native fpecimens it is infoluble, 
or nearly fo in water. 

o Vitriolated magnefla, or Epfom fait, contains 
twenty-four parts of acid, nineteen of earth, and 
fifty-feven of water. It efflorefcxs like Glauber’s 
felt, by expofure to the air, and requires about its 
ow(i weight of water to diflolve it in the tempera¬ 
ture of 6o°. 

p Vitriolated day, or alum, contains twenty-four 
parts of acid, eighteen of earth, and fifty-eigl.t of 
water. Its cryftals are ufually covered with a flight 
efflorefcence. In about fifteen times its weight of 
water, at the temperature of 6o°, it is totally difihiv¬ 
ed ; but at higher degrees of heat it is foluble in a 

very 
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very /mail quantity of that fluid. It is fufed even 
by its own* water of crystallization, and boils up into 
a frothy mafs, which gradually dries into a white 
friable fubftance, called calcined alum. Calcined 
alum is, however, no otherwise changed than by 
the lofs of its water, and may be reduced again into 
its original form by restoring it. 

The combination of fulphur with a fixed alkali 
may be made either in the dry way, by melting the 
two fubftances together, or in the moift way, by 
boiling fulphur in an alkaline lixivium, and evapo¬ 
rating the water. This laft method is, however, fel- 
dom made ufe of. The liver of fulphur, fo called 
from its colour, has a fetid Smell, is foluble in 
water, and is very deliquefeent. 

The combination of fulphur and alkali attracts 
water from the atmofphere which it decomposes, 
the vital air of the water combines and acidifies the 
fulphur, while the inflammable air flies off in com¬ 
bination with another portion of the Sulphur, which 
constitutes hepatic air. So that at length the alkali 
remains united only to the acid, ibrming either 
vitriolated tartar or Glauber’s Salt. The attraction 
exerted in this cafe between Sulphur and alkali is 
much weaker than it would have been if the former 
had been acidified. For, if the liver of fulphur be 
diSfolved in water, the alkali will be attracted and 
the fulphur precipitated, on the addition of an acid, 
whofe elective attraction to the alkali is much leSs 
powerful than that of the vitriolic acid when per¬ 
fectly formed. 

N 3 
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s The method of Stahl For producing fulphur, by 
what was called the direfl combination of the vitri-r 
olic acid with the principle of inflammability, de-? 
ferves to be mentioned in this place. Equal parts 
pf vegetable fixed alkali, and vitriolated tartar, 
are fufed in a crucible, after which fomewhat lefs 
than one-fourth part of charcoal in powder is added, 
and the whole well mixed by ftirring; The cru¬ 
cible is then covered, and a ftrong heat given for 
a very fhort time ; after which it is taken from the 
fire, and the contents poured on a fmooth ftone, 
previoufly ground. This matter is not then found 
{o differ in its eflential properties from the liver 
of fulphur, and if diffolved in water, the folphur 
may be precipitated by the addition of an acid. 
The theory of thefe fa£ts was dated to be, that 
the phlogifton of the charcoal combined with the 
concentrated acid of the vitriolated tartar, and forms 
fulphur, which unites with the alkali in the fame 
manner as other fulphur would have done if di¬ 
rectly added. The modern theory is (imply that 
the charcoal attracts the vital air, which is one of 
the component parts of the acid, and leaves the 
fulphur, which is the other component part. 

T The vitriolic acid, in combination with metal¬ 
lic calces, forms falts which have been denoted 
under the general name of vitriols. The three 
following only are known in commerce, or ufed in 
the arts. 

p Vitriolated iron, or martial vitriol, known vul¬ 
garly by the name of green copperas, contains, 

when 
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when recently. cryftaUized, twenty parts of acid, 

twenty-five of iron, and fifty-five of waters but 

it effiorefees by the lofs of part of its water when 
• • 

expofed to the air. It requires fix times its weight 
of water to diffolve it in the temperature of 6o°. 
This fait is ufed in dying blacks, and in making 
ink for writing. 

Vitriolated copper, or blue vitriols of this v 
thirty parts in the hundred are acid, twenty- 
feven copper, and forty-three water. It is ufually 
obtained from waters in Hungary, Sweden, or 
Ireland, in which it is naturally dilfolved. It re¬ 
quires about four times its weight of water to dif¬ 
folve it in the temperature of 6o°. In lbme places w 
the waters naturally containing this fait are made to 
depofit the copper by expofing pieces of iron 
to their aftion. For the acid quits the copper, and 
forms martial vitriol, by uniting with the iron, which 
receives the neceflary portion of vital air from the 
calx of copper, which confequently refumes its 
metallic Hate. The martial vitriol being foluble, 
remains in the water, while the copper Ms to the 
bottom in a muddy or powdery form. If the folu- 
tion, or water containing vitriolated copper, has 
no confiderable exoefs of acid, eighty parts of iron 

s 

will precipitate one hundred of copper. ’ One of x 

the tefts of the prefence of vitriolated copper in a 

liquid confifts in dipping a piece of dean bright 

iron therein, which becomes immediatelv covered 

* # 

with a thin coat of copper, in confequence of the 

N 4 beginning 
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beginning of the procefs of transferring the acid 
from one metal to the other. 

y Vitriolated zink, vulgarly called white vitriol, or 
copperas, is of a white colour, and contains twenty- 
two parts of acid, twenty of zink, and fifty-eight of 
water. It is foluble in about twice its weight of 
water at the temperature of 6o°. 

z Jf the concentrated vitriolic acid be heated with 
almoft any inflammable fubftance, part of the vital 
air of the acid combines with and burns the fub- 
ftance, while another part of the acid having thus 
a redundant portion of fulphur, flies off in the form 
of vitriolic acid air. This air may be confined by 
mercury, but unites with water, forming the vola¬ 
tile vitriolic acid (172, f). Vitriolic acid ^ir is 
fatal to animals. 

a In procefies with fome of the metals, efpecially 
iron and zink, the vitriolic acid, when properly 
diluted, is not decompofed, but the vital air for 
calcination of the metal is fupplied by the water 
itfelf. The other principle of the water, namely in¬ 
flammable air, therefore flies off inftcad of vitriolic 
acid air, which in this cafe is not extricated. 


chap 
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CHAP. X. 

or THE NITROUS ACID, AND COMBINATIONS 
WHEREIN IT IS A PRINCIPAL PART. 

~~ I 

Neither the nitrous acid, nor any of the fairs 
containing it, are ever found in confiderable quanti¬ 
ties in nature. This acid is obtained by the com¬ 
plete putrefaction of animal or vegetable fubltances; 
in which it is produced by the combination of the 
vital air of the atmofphere with phlogifticated air 
from the organized fubltances. Grounds frequently 
trodden by cattle, and impregnated with their 
excrements, or where vegetables rot, or in the 
vicinity of flaughter-houfes, or burying-grounds, 
or other places expofed to putrid vapours, afford 
nitre after long expofure to the air. The earths 
that afford the belt matrix for the reception and 
complete putrefaction of the vegetable or animal 
matter, are of the calcareous kind; and in fome 
places artificial beds, compounded of putrefcent 
matter and calcareous earth, are made with fuc- 
cefs for the production of nitre. If tliefe beds 
contained much vegetable matter^ a confiderable 
portion of the fait obtained from them is true nitre, 
or the nitrous acid combined with the vegetable 
alkali; but if otherwife, the nitrous acid is, for 
the moft parti combined with calcareous earth, 
and requires the addition of the vegetable alkali 

to 
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to decompofe it. With this intention wood-afhes, 
or pot-alh, is ufually added in the proccfs, which is 
as follows: 

d A number of large cafks are prepared, with a 
cock at the bottom of each, and a quantity of 
ftraw within, to prevent its being flapped up. The 
nitrous earth is placed in thefe, together with wood- 
afhes, or pot-afh, either ftrewed at top, or ftratified 
with the other matter. The veflels are then filled 
with hot water, which, after fame time ftanding, is 
drawn off, and frefh water added repeatedly, fo 
long as any lalt can be extracted by this means. 
This wafhing of the earth is repeated, by palling the 
feline liquor through frefh parcels, till it is ftrongly 
impregnated. In this ftate it is conveyed to the 
boiler, and great part of the water evaporated by 
heat. A confiderable proportion of common lalt, 
which the water obtains from the earth, is depoiited 
during the boiling, and taken out by means of a 
perforated ladle, while the nitre ftill remains in 

2 folution. For the quantity of nitre that can be 
held in folution by boiling water is much greater 
than of common fait; therefore, the common fait 
will begin to be thrown down at a much earlier 
period of the evaporation than the nitre, and a 
confiderable portion of the former will be thus fepa- 
rated before any of the latter quits the folvent. 
When the liquor is fufficiently concentrated by 
boiling, which is known by trials made with fmall 
quantities taken out from time to time, it is con-, 

veyed 
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veyed into veffels where it cools, and much of the 
nitre is then found in a cryftallized ftate. 

'll he. reparation of the nitre from the common r 
fait is much forwarded by another circumftance, 
wherein their folubilities differ. Nitre being dif- 
folved to faturation in boiling water, will afford a 
large quantity of cryftals by cooling} a proof that 
it is more foluble in hot than cold water: but 
common fait by the fame treatment affords fcarcely 
any. In the foregoing procefs it is found, that on 
this account the cryftals formed by cooling confift 
almoft entirely of nitre, the common fait remain* 
ing dilfolved in the water, notwithftanding its 
change of temperature. And a repetition of the 
procefs ferves to purify the nitre ftill more. 
With this intention, fo much pure water is added 
to the nitrous cryftals as is barely fufficient to dif- 
folve them, and the evaporation by boiling is 
repeated. The cryftals of nitre obtained by the 
fecond cooling are much purer than before, becaufe 
the proportion of water to the common fait is 
greater, and confequently lefs will cryftallize with 
the nitre. For nice purpofes this boiling with 
frefh water is repeated four times. 

If nitre be expoled to a ftrong heat in an earthen a 
retort, a large quantity of air, much purer than 
that of the atmofphere, is produced, and the alka¬ 
line bale is left in combination with the earth of 
the retort, which it diflojves. The weight of the 
air thus obtained, added to that of the alkaline 
bafe, amounts to the whole weight of the nitre made 

ufe 
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h ufe of*. This fa£t is varioufly explained. The 
pure air is aiTerted by fome to confift of the nitrous 
acid, deprived of water and phlogifton, and united 
to heat in a latent Hate; or of the nitrous acid 

l 

perfectly faturated with phlogifton; or of the water 
that entered into the formation of the nitre, and 
is fuppofed to be, by fome means, dephlogifti- 
cated; (148, m, n) or of a principle common to 
all acids. For the production of pure or dephlogif- 
ticated air, alio takes place, when certain other falts 
which do not contain the nitrous acid are expofed 
to heat. 

1 A moft intenfe degree of combuftion takes 
place when nitre is brought into contaCt with any 
inflammable body, either of the two being previ- 
oufly made red hot. This continues either till the 
whole of the nitrous acid is diflipated, or the body 
confumed, and is evidently owing to the pure air 
produced, which maintains the combuftion^ In 
the detonation of nitre with combuftible bodies, 
water is produced, formerly termed the clyflus of 
nitre, and moft probably afforded by the combi¬ 
nation of the inflammable air of the body confumed 
with the vital air of the nitre, (148, n). 
k Gunpowder is ufually compofed of 75 parts 
nitre, fixteen charcoal, and nine fulphur, intimately 
blended together, by long pounding in wooden mor¬ 
tars, with a fmall quantity of water. Its effects 
are well known. Any part of a quantity of gun¬ 
powder being fet on fire, die detonation begins, and 

* Berthollet, in the Memoirs of the Royal Academy of 
Paris for the year 1781. 
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is propagated with amazing rapidity through die 
interfaces of the grains. In confequence of which) 
a ludden and very powerful expanfion of the mate¬ 
rials takes place. 

Nitre, or nitrated vegetable alkali, contains l 
thirty parts acid, fixty-three alkali, and feven 
water. It requires about feven times its weight of 
water to diffolve it in the temperature of 6o°. 

If concentrated vitriolic acid be poured a little at m 
a time on pure nitre, in a tubulated retort, with a 
large receiver, taking care immediately to clofe the 
aperture, it will combine with the alkali, and the 
nitrous acid, called fpirit of nitre in commerce, 
will rife in fumes that will become condenfed in die 
receiver. After the fpontaneous vapours have 
ceafed, heat muft be gradually applied, till nothing 
more will come over. Vitriolated tartar (17$ 1) 
will remain in the retort, and if the acid in the 
receiver be added to pure vegetable alkali, it will 
again compofe nitre. 

This nitrous acid is of%a yellow colour, and con- n 
tinually emits red fufFocating fumes. Thefe fumes, 
arifc from an excels of the bale, which may .be 
driven off, by haftily boiling the acid in an open 
veflel, when the acid becomes as clear as water. 
But the fmalleft addition of any inflammable, mat¬ 
ter, or even expofure to the fun’s rays, will reftore 

the former colour, and caule the acid to emit 
fumes as before. 

Nitrous acid of the (hops is feldom without a o 
mixture of the marine acid f which it obtains from 

the 
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the fea-falt that cryftallizes with the nitre made ufd 
of, (i8j, d). This may be- feparated by diffolving 
lilver in a fmall quantity of the acid, and drop¬ 
ping gradually fome of this folution into the acid 
required to be purified, as long as any cloudinefs 

appears. For the marine add combines with the 

* * 

filvcr, and forms a compound that precipitates to 
the bottom, leaving the nitrous acid pure, 
p The red vapour which rifes from the nitrous 
acid may be preferved in dole veflels, without con- 
denfation by cold. It is called the aeriform nitrous 

acid. Water abforbs it, which becomes fuccef- 

& 

lively blue, green, and at laft yellow, when it has 

* 

received an increafe of one-third of its bulk. This 
has been termed the phlogifticated nitrous acid. 

Experiments with the aeriform nitrous add are 
rendered difficult, by the circumftance of its afting 
on, and uniting with every fluid hitherto ufed in 
attempting to confine it. 

r When nitrous acid is applied to combuftible 
bodies, nitrous air is produced. This may be col- 
leded in water as well as quicklilver. Nitrous aif ’ 
exhibits no marks of acidity when properly prepar¬ 
ed. Water will imbibe one-tenth of its bulk of 
this air. 

s The mixture of nitrous with refpirable air affords 
a remarkable and interefting appearance. Their 
union is attended with heat; a reddifh brown doud 
appears, and the fum of the (paces occupied by 
t both airs becomes much fmaller than before. It 
is found that their diminution is greater, the bet¬ 
ter 
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ter adapted the rcfpirable air is to the purpofes of 
fupporting animal life or . combuftion; and that 
nitrous acid is precipitated, and becomes diflolvcd 

by 'the water over which the operation is perform- 

» 

ed; 

Dr. Prieftley, whofe difcoveries refpe&ing aeri- u 
form fluids have defervedly placed him in the 
higheft rank of experimental philofophers, ufually 
afccrtains the purity of air by adding an equal 
volume of nitrous air to it, and exprefles the fame 
by writing in figures the fpace occupied by both 
after the diminution. Thus, if equal mealiires-of 
common and nitrous air were diminifhed on mix¬ 
ture by v- 0 - of a meafure, he fays the meafure of the 
ted is 1.3; which number denotes the reduced bulk 
of the air -which was originally 2. But when 
the purity of vital air is to be afcertained, he 
ufes more nitrous air, a Angle meafyre not being 
fufficicnt. The purefl vital air will receive the 
addition of three times its own bulk of nitrous air 
before the fpace it occupies is fenflbly augmented. 

The inftruments ufed to determine the falubrity v 
of air by this method are called eudiometers. In 
general, experiments may be made with a gra¬ 
duated tube a b, fig. 158, on which the fpace 
occupied by the air after its diminution may be 
read by means of the diviflons. 

If a mixture of two parts by meafure of vital 
air obtained without the ufe of nitrous acid, and 
one of phlogifticated air or azote, or which is the 
fame tiling, five parts of vital and four of common 

air. 
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arr, be expofed to the atiaomof the ele&ric fpa tk> 
in the tipper partofafyphon in which it may bo 
confined by mercury, and a fmall quantity of foap 

S 

lees or folutiondf pure Vegetable alkali be ad¬ 
mitted into the cavity which contains the air,* an* 
abforption will take place, and nitrous acid will* 
be produced, as appears by the alkali being con** 
verted into true nitre. * This is a flow operation, 
and requires the quantity of air in the fyphon to 
be renewed very often to fupply 1 the abforprion*. 
It has likewile been found that this acid is produced 
by expoling vital air for a long time to the ex¬ 
halations cf putrifying animal fobftanccs, together 
with calcareous earth, or any other proper btffe to 
receive and combine with it f. There can be 
little doubt but the putrid exhalations confiding 
chiefly of phlogifticated air, it appears therefore 
tKrft this fubftancc bears the fame relation to the 


nitrous acid, as fulphur does to the vitriolic. As 
fulphur by combuftfcm, in which vital air is an indif- 
penlablc -requifite, becomes converted into vitriolic 
‘ acid, “fo phlogifticated air becomes converted into 


nitrous acid, though mi account of its being Ids 
comtuftible, 'the red heat cannot be produced and 
kept up without'the co-operation of eleftricity; 


. and as. folphur when in contact with the pure air of' 


* For the detail of lb* particular* of thia moft carious expo- . 
limenr, cosfulc Mr. Careodilh’s papers .is the Phil.Tranf. 

Y& 75* P:>7*t «d Vol. 78 . f. aj 5 . 
f Thi# is the difeoyery of Mr. Thottvenel. See his f&K ‘ 

differtation on the fordiSttion of fthfr. ' - *■ ■ 

v rr -n 
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atmofphereand with a bafc proper lor combining 
With the vitrfofic acid is converted into that acid 
by a flow corabuftion in the pyrites i fo the like 
expofure of phlogifticated air in conta& with calca¬ 
reous earth to vital air, produces nitrous add, 
though much more flowly, becaufe the bafe is left 
combuftible. 

% 

The nitrous acid, with the mineral alkali, forms w 
nitrated mineral alkali, or quadrangular nitre, which 
contains thirty para of acid, fixty-three alkali, and 
feven water. Its properties are nearly the fame as 
thofe of the common, or prifmatic nitre, but it is 
left fit for making gunpowder, becaufe it attra&s 
humidity from the air. About three times its 
weight of water at the temperature of 6o 0 are 
diffident to hold it in fblution. 

Nitrated volatile alkali, or nitrous ammoniac, x 
contains forty-fix parts acid, forty alkali, and 
fourteen water. This fait is remarkable for its 
property of detonating, without the contaft of 
inflammable matter, when heated over the fire; 
which is one of the proofs that .the volatile alkali 
contains inflammable matter. 

4 

Nitrated lime, or nitrous (elentte, contains r 
thirty-three para ajcid, thirty-two earth, and thirty- 
five water. It is deliquefeent. 

With ponderous earth the nitrous acid farms a z 
fait, whofc^cryftals do not deliquefce. 

Nitrated magnefia is a deliquefeent ftk, and a 
contains thirty-fix parts of acid, twency-feven of 
magapfia, arid thirty-feven of water. 

Vot. II. O Nitrated 



1^4 OILS INFLAMED BY NITROUS ACID. 
b Nitrated clay appears to be pf very difficult folu- 
don in cold water, and may contain 153 parts of 
acid to 100 of earth*. 

c The nitrous acid diflblves moft metallic fub- 
ftances, part of the acid flying off in the form of 
nitrous air, and the red in combination with the 
metallic calces, forming fait. 
d The inflammation of oils, by the affufion of the 
nitrous acid, is a phenomenon that never fails to 
excite the aflonifliment of the beholders. All the 
oils obtained by diflillarion from vegetables, and 
diftinguilhed by the name of eftential oils, and alio 
fuch other oils as are difpofed to become thick and 
dry, by expofui* to the air, are proper for this ex- 
k perimenr. An ounce of the oil intended to be for 
on fire muft be ph td in a fhallow vcffel, and a 
bottle containing an ounce of the moft concentrated 
nitrous acid muft be fattened at die end of a pole, 
that the operator may be diffidently oiftant from die 
inflammation. I'wo thirds of the add being pour¬ 
ed on the 01 i, excites a confiderable ebullition; the 
oil grows black and thick, and fometimes inflames. 
But if this kft drcumilancc does not happen in 
four or five feconds, the remainder of the add muft 
be paured where the mixture appears the moft dry 
and black, and then rhe inflammation fearedy ever 
fail* taking place. 

f Fat oils may alfo be inflamed, if equal parts of 
che nitrous and vitriolic adds be firft poured on 
them, and, when the ebullition is at the greateft, ft 
portion of nitrous acid be poured on die dryeft^rt. 

• Kir wan in Philof. Tranf. for i;8a. 
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The theory oT this Angular experiment is yet c 
impetfedt. There can be litde doubt but the 
vital air. of the nitrous acid (182, c) combining 
with the inflammable matter, produces the com- 
buftion (150. t, u). But the other circumftanCfcs 
relating to the capacities the new combinations in 
this procefi may feverally have for heat, and on 
which the high temperature produced in a great 
tneafure depends, have not yet been fufficiently 
inveftigated. It is probably owing to thefe that 
eflential oils are better adapt" J to this purpofe 
than any other phiogiftic bodies. The vitriolic 
acid may perhaps tend to concn v the nitrous 
acid in the experiment with fat ous, or perhaps 
its a&ion on the oils may bring them nearer to 
the nature of eflential oils, at leaft as far as it re¬ 
lates to this procefs. 


CHAP. XI. 

OF THE MARINE ACID, AND COMBINATIONS 

t * 

WHEREIN IT IS A PRINCIPAL PART. 

\ 

* . 

The marine acia is obtained from common fait, h 

This fait, fo univerfally ufed throughout the civi¬ 
lized parts of the world, is either dug out of the 
earth in large mafTes, called rock-fait, or obtained 
fej evaporation from the waters of fak-fprings, 
or of me fea. Sea-water ufually contains between 
die twenty-fifth and thirtieth part of its weight 

O a of 
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of this felt, together with other magnefiaft Or cat- 
k careous felts in much fmaller quantities. In hot 
countries the water is evaporated fo as po afford 
the fait in crydals, by mere expofure to the a&ion 
of the fun and wind, in large receptacles, formed in 
the ground near the fea-fide, and into which the 
l water can be admitted at the tide of flood. In the 
fouth of France, and other parts of the world, they 
collect and dry the fea-fand, from which a ilrong 
brine is afterwards obtained, by palling fuch a 
quantity of water through it, as is merely fuffidenc 
m to difiolve the fait that adheres to the grains. 'The 
intenfity of cold in northern countries is alfo made 
ufe of for this purpofe, where the fea- water being 
expofed to freeze, the ice is found to confift 
almoft entirely of frelh water, and confequently, 
upon being taken out, leaves the brine much 
v ftronger. 1 In thefe lad-mentioned cafes, as well 
as in more temperate climates, the cryftals are 
obtained by boiling the brine in proper veflels over 
the fire, 

o If the vitriolic acid be poured on fea-felt, it 
combines with the alkali (143, c) while the marine 
acid dies off in the form of marine acid air. This 
air is colourlefs, and permanently eladic when con¬ 
fined by mercury, but has a ftrong tendency to 
unite with water. When it efcapes into the atmo- 
fphere, it has the .appearance of white fumes, on 
account M the moidure it meets with, and unites 
r to. The common marine acid confids of watef 

impregnated 
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impregnated with this air, which it readily gives 
out ofi the application of heat. 

Jn the method formerly ufed of procuring die ma- 
ripe ‘acid by dift illation from common fak with die 
vitriolic acid, much of the marine acid air was Joft, 

j 1 ’i 

for want of water to combine with. This is now 

• W , , 

1 ' 

remedied, by applying a fecond receiver *, contain¬ 
ing water, into which a tube, proceeding from the 
upper part of the firft receiver, is immerfed. The 
marine acid air that elcapes uncondenfed from the 

firft receiver combines with the water in the fecond, 

* • . - 

and converts it into ftrong marine add. 

The marine acid of the (hops is of a light yel- r 
low colour, and continually emits fuffocating fumes. 
The colour, however, is not eflential to it, but ariles 

N ^ !• 

from the fqlutiqn of fome impurities in the common 
jfrocefs for making it. 

Black manganefe is the calx of a femimetal, s 
(170, a) which contains a large portion of vital 
air, which it is difpofed to give out. If four ounces 
of concentrated marine add, with one ounce of this 


calx, be put into a tubulated retort, to which the 
apparatus of receivers ufed (190, q^) in dialling 
die marine acid has been preyfaufly adapted, yellow 

" % j ; j ^ * • • « 

vapours are J abundantly qifengaged, at firft without 
the affiftahCe of fire,' and afterwards by means Of 
heat, "life-water in'die fecond receiver becomes 
impregnated with thefc fdmes, oirwhich, however, 
it abfbrbs a very fmall quantity. If the tefaipm^ 
rtflre be hett freezmg, the daftic fluid, after 
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ing «he water, takes a concrete form, and gradually 
fubfides to the bottom: but a very (light degree of 
warmth raiies this fubftance in the fornuof bubbles, 
which endeavour to efcape. 

t As this vapour combines with water, and has 
likewife a powerful action on mercury, it has not 
been confined fo as to retain its claftic ftate. 

u It is found to confift of the marine acid, com¬ 
bined with an excels of vital air. It attacks com- 
buftible bodies with great vehemence, and diffolves 
all the metals diredly, affording the fame falts as 
the entire acid does, but without difengaging any 
inflammable air. It whitens vegetables and wax, 
and produces in many fabftances changes fimikr to 
fuch as arife from long expofure to air. When 
united to water, its tafte is auftere, but not acid* 
but it regains all the properties of the marine acid 
When again deprived of its excels of vital air by 
action upon combuftible matter. 

v A mixture of the nitrous and marine acids, or 
of the nitrous acid with common Hit, or fal ammo¬ 
niac, is called aqua-regia, from its property of 
difihlving gold. The power of this foment on 
gold is fuppofed to confift in the marine acid, 
which is thought to be fopplicd with vital air from 
the nitrous, and is found alone in the cryftals of fate 
produced in the combination of metallic calx and 
acid. There feems* however, to be fome other 
ciacumfUoce concerned here * for it is not cafy to 
fay why the nitrous acid alone cannot calcine the 
gold, if its difpoiition td part with vital air, be 

greater 
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greater than that of the aerated marine acid j and if 
this were not Xo» how could it afford the fuppofed 
excels to this lift acid. But ir is no uncommon 
appearance in chcmlftry for the properties of com¬ 
pounds to be very different from thofe of either of 
the component *pa*is, 

Salited mineral alkali, or common fait, contains w 
thirty-three pans acid, fifty alkali, and feventeen 
water, its cryftals are quadrangular, and do not 
deliquefee in the air. 

.. Salited vegetable alkali, or fak of Sylvius, con- x 
tains thirty parts acid, fucty-three vegetable alkali, 
and feven water. .It does not deliquefee in the air, 
juid is foluble in about three times its weight of 
water. 

Salited volatile alkali, or common fal-aramoniac, y 
C ontains fifty-two parts acid, forty volatile alkali* 
and eight water. It diffolves in about three and a 
half times its weight of water, at the temperature of 
6©°. By heat it fubliraes unaltered, or nearly (b. 

.Salited lime, or marine felcnite, .contains about 
forty-two parts acid, thirtyreight earth,. and twenty 
water. It deliquesces in the air, 

Salited ponderous earth is little known j its fblu- z 
tion affords a valuable method of purifying the 
marine add from the vitriolic^ with which it is often 
adulterated.For, upon the addition of this to the 
marine acid under examination, die' vitriolic acid* 
if prelent, feizes the ponderous earth,- and forma 

s 

jhp vicriolated ponderous earth, which being nearly 

Q 4 inlbluble. 
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infallible, falls to the bottom *. The ek&ft quantity 

ncceffary to be added is known by trials on imalt 

portions of the acid. 1 * ^ 

a , Salited magnefia, or marine Epfom, i$ a deft- 

quefcent fait, found in greater quantity in the water 

of the lea than any other, except* common fak. 

i Salited day is a deliquescent Alt, and may con* 
tain 174 parts acid, to xoo of earth* 

c The marine add a6b due£Uy on, and comhane* 
with tin, lead, copper, iron, zinc, and bifmuth, and 
with the other metals, by proper management. Harm¬ 
ing Salts, pojjfeffed of various properties., 


CIIAP. XII. 

CONCERNING THE ACrDS OF FLOOR, OF BORAX, 
OF AMBER, AND OF PHOSPHOR 175. 

• Fcsirt fc fpar or fluor, better known in Eng¬ 
land by die name rif Derbyshire fpar, confifts of a 
peculiar acid, called the ijftarty add. Combined widi 
ealegreous earth and water. This fpar is either 
ttthfpaten* or opake, of different colours, and ge¬ 
nerally has a cubic, rhomboldal, or polygonal 
figure. Moll fperimens, specially the coloured, 
have the property Of becoming phofphorefcent, 
fir emitting light, when heatod far below igni¬ 
tion, ** titty bt done by laying' diem on a hot 

• Withering iq Ffeilof. T>anf. Fart U. for 1784, 

ironj 
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itto iUmt they lofe this property by being made 
ifcd'hoc. It does not ftrike fire with ftetfl, nor 
efiervefce with acids. The calcareous earth is fifty- 
ieveh parts in the hundred, and the reft acid and 
water. ■ < * 

If an'equal weight of concentrated'pure colour- e 
ids vitriolic acid be poured, by means of a tube, 
on pulverized fluor, in a retort, a fecompofmon 
of )die fluor takes place with heat. The vitriolic 
add feizes the calcareous earth, and the fluor add 
efoapes in the form of air, of a moft penetrating 
fmcll, which may be confined by Mercury/ but 
unites with water in very confiderable quantify. If r 
the acid be wanted in a fluid ftate, it is neceflary 
to adapt a receiver, containing water, about ten or 
twelve times the weight of the fpar. This add, e 
cfpecially when heated, and in the aerial form,' dtf- 
folves, and retains filiceous earth, which it takes 
• from the glafs-vefiels during the diftillation, foon 
corroding them through, if they be hot very thick. * 
The fluor acid air depofits fome of this' earth by 
coolings and the greateft part in the form of a whitp 
cruft on the furface of water, when it combines -with 

that fluid. In order to obtain the acid free from 

• * ^ ® 

peous earth, it is convenient to ufe -leaden vcflfels. • 

The faline combinations formed by uniting* thfe a 
acid with alkali, earths, or roetallij^. prices, dearly 
fliew that it is a peculiar acid, as different in ifcs 
properties from, all other acids, .as they are from each 
other. 

.Borax is a fait, imported from the l£aft Indies, i 
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in the form of hexangulaiy or irregularly figured 
cryftals, of a dulf white, or grecnifh colour, and 
greafy to the touch. Id this ft^te it is called tincai 
It is dug out pf die earth in the kingdom of Thib^ 
in a cryftallized ftate, The impurities are feparated 
by folufion, filtration, ,and cryfinlli^aripn. , 
k This felt requires about eighteen times .its 
weight of water to difl°lve it in the temperature 
of 6o°. When heated, it fweils up, kites its water 
of cryftaUization, and runs into a kind of gjafe, 
which may be again diflolved in water, ft is chiefly 
ufed as a flux t for foldering metals. 
l The component part* pf purified borax are* 
ieventeen parts pf, mineral alkali, thirty-four pf a 
peculiar acid called the acid of borax, pr fedative 
fait, and forty-feven of water. In this combination 
not more chan about five parts of the alkali sue really 

i 

faturated, for which reafon horax in man^-cafes, a£t* 
as an alkali. 

m If borax be difiojved to faturadon in water, and 
the vitriolic acid be added, this lad; will combine 
with the,alkali, and dilfngage the fedative fait* 
which will fwim at the. forface, in the form of white 
fades. The filtered liquor will yield vitriolated 
mineral alkali, or Glauber’s felt. This acid is allot 
v obtained by fublimatian; the alkaline bale being 
fefiaxafied by the previous addition of foroe ftronger 
acid, 

n The add of borax requires fifty times its weight 
of water to hold it in folution. Its add properties 
when uncombined arc but weakly manifefted. A 

moderate 
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moderate heat melts it with left intumcffcence than 
borax, but the glafs fo formed is again foluble in 
water. This fixed acid may be ufed for the fame 
porpoic as borax, and ft a rooft ufeful flux in experi¬ 
ments to be made with the blow-pipe. It has been 

* * 

found unCDmbined in the waters of' certain lakes in 
Tufcany. 

Amber is a fubftance. dug out of the earth o 
more abundantly in the Pruflian dominions than. 
eHe where. The moft valuable fpecimens are of a 
dear tranfparent yellow. Its origin is probably 
from the vegetable kingdom, as it ft almoft always 
found in the neighbourhood of foflil wood. By dis¬ 
tillation an acetous liquor, an oil, and a concrete f 
acid, are obtained; which lad: may be fomewhat 
purified by folution and cryftallizarion. The combi¬ 
nations of this with alkalis, earths, or metals, denote 
it to be a peculiar acid. 

Pholphorus (170, y) till lately has been ob- q„ 
tained by diftillation from urine only, the water, and 
other more volatile parts, having been previoufly 
difljpated by heat in an open vrifel. Towards the 
end of this proceft, which requires a ftrong Are of 
feveral "hours continuance, the phofphorus comes 

over, and pafles into the receiver, .which muft be 

* 

half filled with water. But it ft now known, that R. 
the phofphoric acid exifts not only in all the folid. 
parts of animals as well as in urine, but alfo in ve¬ 
getates, and is found in the mineral kingdom, com¬ 
bined- with lead, and with iron. The fixed parts of s 

the 


4 
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tbc bones of animals is found to contain this arid, 
united to calcareous earth. 

t If the bones of animals be burned in the fire dll 
they have become white, they are in a proper (late to 
afford the phofphoric acid. Three parts by weight 
of this matter in powder may be gradually added 
to two parts of concentrated vitriolic acid, and 
afterwards about five parts of water. This mixture 
muff be left to digeft for a day, water being added 
occafionally to fupply what evaporates, at the end 
of which time more water muff be plentifully added, 
and the liquor drained through a fine fieve. What 
remains in the fieve is gypfum, or vicriolated lime. 
The liquor, by evaporation to drynels, leaves a 
refidue, confiding in a great meafure of the phof¬ 
phoric acid, which lias been difengaged from its 
calcareous baft, by the vitriolic arid. This refidue, 
urged by a flrong beat, fjpws into a kind of glafs of 

• a whitilh femiopake appearance. It is.not, however, 
ncceflary, for the making of phofphorus, to carry 
the evaporation farther than till the matter has ac¬ 
quired the confidence of fyrup; which may be pohn 
veniently performed in a copper veflel. 

u Equal parts of this liquid^ and of charcoal in 
powder, mixed together, afford phofphorus by diftil- 
latjon in a good earthen retort (13 a, c). The re¬ 
ceiver muff be half filled with water, and muff 
have a final! hole pierced in its upper part, to let 
die eTaftlc vapours efcape; or, inftead of a receiver, 
the heck' of'the retort m~y limply b£ plunged m 

* * 9 - 
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Water Contained in an open bafon. When the retort 
is red-hot, the phofphorus will enter the receiver 
in .drops, which ceafing, the whole apparatus mull 
be fuffered to cool. The phofphorus. Which is in 
fmall malfes, refembing reddifh wax, or tallow, mull 
be preflcd together under water, particular care be¬ 
ing taken that none remains flicking to the hands 
or under the nails, as a fmall particle, taking fire 
when brought into the air, in fuch a cafe, might 
be attended with very difagrceable conferences. 

It may be moulded into flicks, by putting the pieces 
under water into fmall upright tubes of glals, ra¬ 
ther conical, and Hopped at the lower end, and on 
heating the water, tne phofphorus will* melt and 
take the defired forms. The impurities that nfe to 
the upper ends of the tubes, may ljp cut off When 
taken out of the water, which muft not be done till 
all is cool s or, it may be had exceedingly pure by 
draining it through a leather bag immerfed in hot 
water. But the beft method qf clearing phofphorus 
from the impurities Of the firft diftillatSon is to diftil 
it again with a very gentle heat. 

To prevent the Spontaneous combuftion and ad- v 
diHcation of phofphorus, it mud be kept in a bottle 
with water fufficieht to cover it. 

The phbfphoric acid may be had combined with w 
water, by placing Hicks of folid phofphorus in a glafs 
funnel, inferted in the neck of a bottle containing 
water. A piece of glafs tube, inferted in the neck 
of the funnel, will prevent the Hicks froqi falling 
through. In this fituation, if the temperature be 

moderately 
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moderately Warm, the phofphorus will be gradually 
decompofed by the flow combufiion (170, y), and 
afford its acid to the Water; The acid thus obtained 
is contaminated with phofphorus, but becomes gra¬ 
dually lefs fb by expofure to die air. 
x Heat drives off the water from the phofphoric 
acid, fo as to convert h into a folid tranfparent 
fubftance of an acid tafte, which deliquefees by 
attracting the moifture of the atmofphere, and dif- 
folves in water, at the fame time producing heat. 

_ r 

y When urine is brought to the confidence of 
fyrup by evaporation, a fait is obtained in cryftals, 
called fufible fait of urine, or microcofmic fait, at 
firfl vitiated by an addition of extractive matter 
and common faltj but which may be purified by 
fubftquent fakition, filtration, and cryftallization. 
This fait confUts of the phofphoric acicf, combined 
in part with the volatile alkali, and in part with die 
mineral alkali. If microcofmic fait be expofed to 

heat, the volatile alkali is driven off, while the 

- - s 

phofphoric add and mineral alkali remain fixed, end 
fufe together into a glafs that affords phofphorus by 
diftillation with charcoal (198, »). 
z The mineral alkali in this glafs prevents a consi¬ 
derable portion of the add from being converted into 
phofphorus, forming with it a compound which has 
the properties of an acid. In this date it is converti¬ 
ble into glafs by die adtioft of heat, and efflorefees 
by expOfure to the atmofphere. It is foluble in Ids 
than twice its weight of hot water, and cryftallizes 
by cooling. Bones afford it as well as urine. 

CHAP. 
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CHAP. XIII. 

OF THE ACIDS OF SUGAR* OF SORREL* OF LE¬ 
MONS* OF BENZOIN* OF MILK* OF SUGAR, OF 
MILK* OF ANTS, OF FAT*~ AND OF PRUSSIAN 
BLUE. 

A 

Sugar is a {aline fubftance, obtained from a 
knoll, if not aU* rititritive vegetable fubftances, but 
mod plentifully* or at lead ‘ mod ufually, from the 
fugar-cane* which is cultivated in the warmer 
climates for that purpofe. In the fettlements of 

r 

the Europeans the cane is crufhed, by palling it be¬ 
tween wooden rollers, which comprefs it to fuch 
a degree, that the. vegetable fibres pafs through, 
leaving mod of the juices behind* which run into 
Veflels* or troughs* properly placed to receive and 
conduct them to the boilers. The addition, of 
alkaline ley and lime-water is necedary to the 
erydallizadon of the fugar* which takes place in 
conicquence of the evaporation by boiling. Re¬ 
peated folutLons* and boiling in lime-water and 
ley* with the addition of oxes blood, or whites of 
eggs* lor the purpofe of feparating the impuri¬ 
ties in the form of (kum, render the tagar more 
white and pure. The infpiflated liquor* contain¬ 
ing the fugar* is poured into conical earthen 
moulds* where it cryftaliizes, and the treacle is. 
let out* by drawing a plug from an aperture in the 

6 bottom. 
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bottom. A Hill greater degree of purification is 
obtained by fpreading an argillaceous pafte over the 
top of the fugar, great part of the remaining treacle 
being carried down by the ltioifture that flowly pe¬ 
netrates die mafs. 

a A very How cooling of a folution of fugar, in 
a heated room, caufes it to flioot into large cryftals, 
called fugar candy. In other caies the cryftals are 
fmall and irregular. 

c The analylis of this fait is yet imperfeft. By 
diftillation alone it affords acid and an empyreumacic 
oil, leaving a con fide r able refidue. The fait called 
acid of fugar, is, however, obtained by another 
procels. 

d Let three ounces of ftrong nitrous acid, whofe 
fpecific gravity is nearly 1.567, be mixed in a 
tubulated retort, with one ounce of the fitieft fugar 
in powder, to which, after the folution is coni- 
pletcd, and the moft phlogifticated part of the 
nitrous add flown oft, let a receiver be adapted, 
and the liquid gendy boiled. As foon as it has 

acquired a dark brown colour, three ounces more 

* « 

of nitrous acid muft be added, and the boiling 
continued till the coloured fmoking acid has en* 
tirely difappeared. The liquor in the retort muft 
then be poured out into a larger veficl, and will 
by cooling afford fmall quadrilateral cryftals, which, 
colle&ed and dried on bibulous paper, weigh 10 j 
grains. The remaining lixivium boiled again in 
rite retort, with two ounces of nitrous acid, affords 
43 grains of cryftals by cooling. Nitrous acid, 

in 
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in ‘the whole amounting to two ounces, being added, 
by ftnall portions at a time, to the glutinous liquid 
remaining from the laft cryftals, artd then evapo¬ 
rated to tlrynefs, a faline tnaf% is obtained, which 
contains about fifteen grains of t ryftals. theft 
produ&s, but more particularly the l?ft, require 
to be deport*ted by repeated fohitions and cryftal- 
lizations in pure watt t. 

Ne'thtr the quantities nor the ftrength of the s 
niti ous acid ufi d in procuring theft cryftals need be 
nicely attended to; but the quantities obtained will 
bt confiderably diminiflied, if the bohing be conti¬ 
nued after the vapouis have dtfappeared. 

• I is conclu led, t! it in thispjoccfs the nitrous p 
acid loes no.n g nr le than afford vital air to 
combine Tr a *getable bafis lifting in the fugar. 

1 'i i)fids arc therefore called t] e acid oY fugar, 
oi facchannc acid. They have an exceedingly 
pungent tatte, but excite an agreeable ftnfation on 
th • >ngue, when diluted with watt f. Vegetable 
blues, indigo excepted, are reddened by this acid, 
and it powerfully attacks and combines with alkalis, 
earths, and various metals, forming compounds that 
fufficiently diftingtiifh it from every other acid. 
Boiling water diflolvcs its own Weight of the cryftals, 
bu* t 6o° it will take up no more than half that 

quantity. 

The faccharine acid efflorefees in a heat greater c 
than 6 o n . It may be’ fublimcd'by fire, though not 
w itliout alteration. Repeated fublimation deftroys 
“Vol. It. P it; 
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it; during which a great quantity of aerial acid and 
inflammable air are extricated. 

h The affinity of this acid to lime is greater than 
that of any other acid; the compound thus formed 
is iniolublc in water, and can only be decompofed 
by fire. Hence the ufe of lime in cauffng fugar 
to cryftallize. The native juice has a fuper- 
abundance of add that prevents cryftallization; but 
this impediment is removed by the lime, which 
combining with it, is either carried off in the fkum, 

i or finks to the bottom. Hence alfo the faccharine 
acid affords one of the nicefl and moil certain tefts 
to difcover lime in waters. 

k Salt of forrel confifts of the vegetable alkali 
fuperfaturated with a peculiar acid. If the abun¬ 
dant acid be faturated with volatile alkali, and a 
nitrous folution of ponderous earth be added, de- 
compofltions and new combinations take place by 
double affinity. The nitrous acid feizes the vola¬ 
tile alkali, while the acid of fbrref, uniting with the 
ponderous earth, forms a compound, that, on ac-. 
count of its difficulty of folution, Ms to the bottom. 
The fediment being wafhed, and placed in pure 
water, may be again decompofed by vitriolic acid, 
. which forms marmor metallicum (175, n) with the 
earth* The dilengaged acid of forrel may be poured 
. off. It is deftru&ible by fire. 
b - If the juice of lemon be boiled to the conflu¬ 
ence of fyrup, the vapors that fly off arc not at 
all acid, but the refldue will not afford crystals. 

A quantity 
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A quantity of pulverifed chalk being added to 
faturation to boiling lemon-juice, combines with 
the ‘difengaged acid, and forms a compound, which, 
becaule very fparingly foluble in water, is precipi¬ 
tated! The laponaceous and nwciiaginous'matter 
of the juice remains in the fupernatant fluid, and 
muft be decanted from the precipitate, lukewarm 
water being repeatedly poured on this laft till it 
comes off colourlefs. To decompofe the precipi¬ 
tate, ftrong oil of vitriol, equal in weight to the 
chalk made ufe of, but diluted with ten times its 
bulk of water, muft be added. The mixture, after 
a few minutes boiling, will contain the vitriolic 
acid united to the lime in the form of gyplum 
(174, m), and the acid of lemon difengaged in 
the water. Filtration or decantation will fepa- 
rate the gypfum, and the acid of lemon ‘may be 
obtained in cryftals by evaporating the water. The 
cryftallization, however, will not take place, if, for 
want of ftrength, or a due quantity of vitriolic 
acid, there be left any lime in the folution. This may 
be known by adding a fmall quantity of vitriolic 
acid to the folution when evaporated to the confift-* 
ence of thin fyrup. If any precipitation takes place, 
more vitriolic acid muft be added; and this laft 
acid, if fuperfluous in quantity, 1 will be found in the 
refiduum after cryftallization. The acid of lemons, m 
by digeftion with fpirit of wine and water, is con¬ 
verted intovinegar. 

The faponaceous matter, decanted off after the w 

addition-of chalk to the lemon juice, may be con- 

P 2 verted 
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verted into acid of fugar by treatment with nitrons 

o acid, but the acid of lemons cannot. It therefore 
appears, that lemons contain two acids, namely, the 
acid of lemons, di{'engaged, and the acid of fugar,, 
in combination v. irh oily or mucilaginous matter. 
Befidcs this, a final! quantity of vegetable alkali is 
found, which fhews itfelf by forming tartar, when 
the tartareous acid is ch opped into lemon juice, and 
lii fife red to ffand fame days. 

4 

T The fragrant icfin, called benzoin* or benjamin, 
affords a concrete acid in the fofm of {lender Ipi- 
cuhe, by fublimation, cither in doled veffels, or by 
adapting a long paper-funnel to an earthen-pot, 
containing the benzoin in fufion over the fire. This 
acid may be obtained in a date of greater purity 
by careful bailing in powder with lime-wacer. The 
lime unites with the acid; and upon the addition, 
of marine acid, the acid of benzoin which is fcarcely 
loluble in cold water, falls to the bottom, while the- 
muriated lime remains in fblution. The acid of 
benzoin is deftrudlible by heat, and when fet on fire 
continues to bum with a bright yellow flame. It is- 
readily foluble in anient fpirlt, even in the cold. 

0^ Milk in a fhort time grows four and thick dur¬ 
ing fummer. By filiation and evaporation the 
curds may be feparated, and the whey is found to 
contain an effcntial HUt, animal earth, or phos¬ 
phorated lime (197, s), fugar of milk, a fmall 
portion of Talked vegetable alkali (193, x), and 
tome mucilaginous matter. The whey being evapo¬ 
rated to one eighth, for the more eflfe&ual repara¬ 
tion. 
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don of the curd, and then drained; the acid is to 
be fiaturated with lime. I he phofphorated lime is 
by-this mea"»s precipitated, becaufe deprived of the 
exceTfs of aL.d that before re.i.Vrcd it 'ohzbic, but 


the acid of it.Ilk, forming a foluble compound with 
the liiiie, ftill remains fofpendcd: the former is 
therefore feparable by filtration. A lblution -of 
the acid of for.a ■ being addev, feizes the lime, 
(204, a), and leaves the acid of milk again un¬ 
combined. Spirit of wine diffolvcs this acid, 
but none of the other fob dances that remain in the 
whey. Evaporate the water, which would impede 
the addon of the fpirit by diluting it, and when the 
mafs is of the confidence of honey, add the fpi¬ 
rit. To this acid filiation, after filtering, add pure 
water, Diftillatioo v, ill carry off the fpirit, and 
leave in the retort pure acid of milk, diffolved in 
water. The acid of milk yields no cryftals, and 
when evaporated to drynels, deliquelces again. It 
is dcftrudhble by fire, affording water, a weak acid, 
aerial acid, inflammable air, and coal. It exceeds 
vinegar in attraddve power, and appears to be an 
incomplete vinegar, for want of a fufficient quantity 
of ardent fpirit For, if a fmall proportion of ardent r 
fpirit be added to milk, die fermencation becomes 
more perfect, and vinegar is produced inftead of this 
acid: and, in addition to this, the acid of milk, s 
with the addidon of ardent ipirit, is converted into 
vinegar after a month’s digeltion. 

By evaporating whey to the confiftence of fyrup, t 
A fweet fak is obtained in cryftals, called fugar of 

P 3 milk. 
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milk, which may be purified by fubfequCht folu- 
tion and cryftaliizacion in water. In fimple diftil- 
ladon its products are nearly the lame as thofe of 
fugar j but when treated with nitrous acid (20a, d) 
it affords fifteen and one-half parts in the hundred 
of iaccharine acid, and about twenty-three and a 
half of another acid, only found in fugar of milk. 
This laft is in the form of a white powder. Sixty 
parts of boiling water diffolvc one of this acid, and, 
on cooling, about one-fourth part of the powder 
feparates in the form of very imall cry flab,. It is 
decompoied by lire. 

u When an ant-hill is ftirred with a flick, the en¬ 
raged inle&s emit an acid, which may be perceived^ 
to be fuch, both from its fmell and tafte. Water 
or ardent fpirit, in which they are agitated, becomes 
acid. In the proccfs with fpirit, part of the acid 
arifes in diftillation with the fpirit, but the greater 
part remains united with the phlegm in the retort. 
Frefh ants afford by diftillation, without addition, 
near half their weight of acid. This, like all the 
acids of vegetables, is refolvable by heat into aerial 
acid, and inflammable air. 

v The arid of fat is obtained by repeated diftilla- 
tions of that fubftance. 

1 

w Pruffian blue is a beautiful pigment, well known 
ih the arts. It is produced by the union of calx of 

* iron, with a peculiar acid. The procefs for making 
it is as follows': Calcine equal parts of vegetable 
fixed alkali, and dried bullocks blood, till it ceafes 
to emit either flame or fmoke j then raifp die fire 

fo 
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fb is to give the mais a low red heat. Throw 
this matter red-hot into as many quarts of water as 
there were pounds of the original mixture, and boil 
it for half an hour. Deeant this liquid, and waih 
the coaly refidue with more water, till ic comes off 
almoft infipid. Add this laft water to the former, 
and boil the whole till it is again reduced to the 
former number of quarts. This is the lixivium x 
fanguinte, or pruflian alkali} which, if added in 
proper quantity to a folution of iron, precipitates 
it pardy in the form of a calx, and pardy in the 
form of pruflian blue. The marine acid being 
poured on this precipitate after edulcoration, dif- 
folves the calx, and leaves the pruflian blue much 
purer. The method of combining die alkali with 
the pruflian acid by calcination does not laturate 
the whole; for which reafon part of the iron is 
thrown down in a calciform ftate by that portion of 
the alkali which affords no pruflian acid. But for v 
chemical purpofes the pruflian ley is produced by 
boiling the alkali in pruflian blue ready formed. 
The calx of iron is thus deprived of the pniflian 
.acid by the alkali, to which it has a greater affinity, 

. and which it only quits when there is another acid 
prefent to unite with the alkali, as in the juft men¬ 
tioned inftance of the folution of iron, where a 
double affinity takes place. The pniflian alkali z 
prepared in either way contains focne iron. It 
can be had pure in no other way than by diredtly 
combining the pure pruflian acid with a pure 

alkali. 

P 4 
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a Pruffian alkali, boiled in a retort, with weal?, 
vitriolic acid, emits the pruffian acid in an aerial 
inflammable form, which may be abforbed by 
water placed in the receiver. But as a portion of 
vitriolic acid comes over Ukewife, a fecond diftil- 
lation is neceflary, with the addition of chalk. 
The vitriolic acid by this means forming gypfum, is 
detained, while tuc pruffian acid pafles over totally, 
before one-fourth of the water is tli(tilled off. It is 
not therefore neceflary tp continue the diftillation 
beyond that period. 

b This acid is found to conflft of aerial acid, or its 
bale azotic air and inflammable air. If equal parts 
of pulverized charcoal and vegetable alkali be made 
red-hot fpr a quarter of an hour m a crucible, and 
Jbme fal ammoniac, in fmall pieces, be then brifkly 
liirred aown in' i the mafsj the ammoniacal vapours 
will loon ceafe. The ignited matter being thrown 
into wate*-, affords a lixivium equal to the belt that 
is made with blood. 

c \ folution of the faturaoed pruffian alkali is a 
valuable precipitant for difcovering iron in liquids j 
no other fubftance forming pruffian blue. 
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CHAP. XIV. 

OJ "FERMENTATION, AND THE AERIAL TARTA- 

REOUS AND ACETOUS ACIDS. 

When animal or vegetable lubftances have n 
their organization by any means io far impaired 
as to be no longer capable of performing the 
offices to which they were adapted, life ceafes, 
and, unkfs the temperature and dryneis of the fur- 
rcunding medic m be £uch as either quickly to eva¬ 
porate all the moiflure, and more volatile parts, or 
to fix the whole rnals by congelation, certain che- 

* 

xnical proceffes take place fpontantoufly, by means 
of which both the fluid and iolid parts lole their 
former arrangement and comp*.-C cion, at the fame 
time that new - nbinations ate formed. This aft E 
of change is called fermentation, and is properly 
diftinguilhed into three Jtages, namely, the vinous 
or fpirituous, the acetous, and the putrefaftive fer¬ 
mentations. 

It is generally underftood, that the vinous fer- f 
mentation docs not take place except where fugar is 
prefent. The temperature moll favourable to this 
fennentation is between thirty-fix and ninety de¬ 
grees; and the principal phenomena are thefe. 
The liquor becomes opake, and warm. Aerial 
acid files in minute bubbles from all parts. Muci¬ 
lage is feparated : part fubfiding to the bottom, 

and 
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and part being carried to the top by the fixed 
air. For a certain time thefe appearances increafe, 
but afterwards diminifh, and at length totally 
ceafe; the fluid has then a pungent fpiriruous 
tafte, inftead of the fweetnefs it had before: its 
fpecific gravity is confiderably lefs: and it affords 
h ardent fpirit by diftillation. The quantity of 
ardent fpint afforded by any fermented liquid is 
thought* to be in proportion to the diminution 
its fpecific gravity undergoes by fermentation; 
whether this be true or no, has not yet been 
proved by experiments; but it is highly pro¬ 
bable that an attention to this diminution will 
afford the manufacturer fome method of eftimar- 
tng the ftrength of beer, wine, and other liquors 
of the like nature. 

r If the liquid in this ftate be confined in clofe 
veffels, the fermentation continues, but with ex¬ 
treme flownefs, an add fait, called tartar, is depo- 
fited, and the tafte of the liquor becomes milder 
and more agreeable. 

k. But if the fermentative procefs be fiiffered to 
go on in open veflels, more efpecially if the tern* 
perature be raifed to 90®, the ftcond ftage, or 
acetous fermentation, comes on, air is emitted, 
the mafs grows warm, and mucilage is dtpofited: 
the inteftine motion at length ceafts, and the 
liquid becomes clear: it is then vinegar, and may 
be had purer by diftillation. Ardent fpirit is no 

# Rtclurdfon on Brewing. London 1784. 

longer 
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longer found in the liquid, but the vinegar, when 
fufficiently concentrated, is itfelf inflammable. 

•The crude vinegar may be kept in well clofed x, 
ve rielsbut if it be fq fie red to continue in the open 
vcflels, it gradually lofes its acidity, becomes vifeid 
and foul; emits air; ftinks; volatile alkali flies off; 
an earthy fediment is depofited, and the remaining 
liquid is mere water.. This is the third ftage. , 

The three ftages of fermentation are never in- m 
verted in their order; that is to lay, bodies that 
have pafled the fpirituous fermentation proceed to 
the acetous, and afterwards to the putrefactive pro- 
cels, and cannot again be fubjeCted to either, after 
palling it. Bodies that begin to be deftroyed by 
the acetous fermentation proceed afterwards to 
the putrefactive, but are incapable of the vinous 
procefs. And fuch bodies as immediately putrefy 
cannot be made to undergo cither of the other 
ftages. Some are of opinion that all vegetable or *k 
animal bodies, which are deftroyed by fpontaneous 
decompofition, undergo the complete ferjnentative 
procefs, but that the duration of one or more of the ■ 
three ftages is too Ihort to admit of their being 
properly diftinguilhcd by obfervation. 

The aerial acid, or fixed air, is not only pro- o 
duced in fermentation, but is found in mines, 
caverns, or wells, ,or combined with water or 
earths (155, f, c. 162, b), and is befidcs produced 
in various chemical procclTes. Its Ipeciftc gravity 
being about one and a half time that of atmof- 
pherical air, caufes it to lodge in the lower parts 

of 
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of minis, where it is called choice damp. Its 
prefence is firft obferved by the cxundion or im¬ 
perfect burning of the lights of the miners. , Pure 
fixed air is inftantly fatal, to animals , that breathe 
p it. The atmofphere always contains fome of this, 
acid. Lime-water is the niceft teft for difcovering 
it s the lime being rendered mild and precipi¬ 
tated (i6i, z). The immenfe quantity of this 
air, which is difeharged by the vinous fermenta¬ 
tion in breweries, affords opportunities of making 
the more obvious experiments in a very eafy 
and ftriking manner. For the ftratum of air that 
covers the fermenting liquor is about ten or twelve 
inches deep, or more, accordingly as the hori¬ 
zontal feCtion of the veflel is higher above the fur- 
face of the liquor. Candles plunged in this body 
of air are inftantly extinguished, and the fmoke 
remaining in the fixed air renders its furface vi- 
fible. Agitation throws it into waves. Water in 
a difh, immerfcdln the fixed air, and ftirred brilkly, 
foon receives a ftrong impregnation and lively 
tafte. This aerial fluid may be dipped jnto, and 
brought out in a jar, like any other fluid which 
is denfer than air, and does not readily mix with 
0^ it. Nothing can be more Angular than the expe¬ 
riments made by pouring this air out of one veffel 

into another. A candle becoming immediately 

■ % # 

extinfti an animal expiring in a few feconds, or 
an* alkali cryftallizing, when included in the veffel 

■" ' i 4 * 

that receives the fixed air at the fame time that 

w . ‘ ■ .«* - 

the fight cannot perceive any thing that is poured. 
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The tartar that feparates from wines during the k 
flow fermentation (212, 1), confifts of the vege¬ 
table alkali united to a peculiar acid. When puri-. 
fied by folution and cryftallization, it is in com¬ 
merce called cream of tartar. The acid in cream 
of tartar is more than fufficicnt to faturate the 
alkali. At a moderate temperature, this fait re¬ 
quires about one hundred and fifty parts of w^ter 
for its folution. This fmall degree of folubihty s 
in tartar is wonderful, when it is confidered that 
the acid, or the alkali fingly, or even the neutraV 
fait produced by perfeft faturation of each, are very 
foluble. 

The moil convenient method of procuring the t 
acid of tartar is, to add dry powdered chalk, by 
fmall portions at a time, to one hundred parts of 
the fait difiblved in boiling water, in a tin vefiel. 
About twenty-eight parts will be required before 
the efFervefcence ceafes. At this period the liquid 
muft be decanted, and will afford,, by evaporation, 
fifty parts of the perfectly neutral fait, called fb- 
luble tartar, or tartarized vegetable alkali. The 
remaining powder confifts of tartarized lime, and 
weighs one. hundred and three. On this waftied 
powder let thirty parts of the ftrongeft vitriolic 
acid, firft diluted with two hundred and feventy 
parts of water, be gradually poured. After twelve* 
hours digeftioo, the mixture being frequently ftir- 
red with a wooden fpatula, the clear liquor may be . 
poured off, and confifts of the acid of tartar difiblved 

in water. The vitriolic acid remains combined 

* 

with 
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with the lime in die form of gypfbm. To dif* 
cover whether the fblution contains any vitriolic 
acid, a drop or two of a weak folntion of fugaf 
of lead (which confifts of the cafe of lead United 

*r 

to vinegar) may be added. A white fediment falls 
of vitriokted lead, if that add be prefent, but if 
not, of tartarized lead. It may be eaftly-known 
"by the effufion of ftrong vinegar on the precipi¬ 
tate, which of the two acids enter into its compo- 
firion: for tartarized lead will difappear by folu- 
tion, but vitriolatcd lead will not. If the gyp- 
feous refidue contain any tartarized lime, it may¬ 
be known by throwing a portion on hot coals, 
in which cafe the powder will grow black, and 
' emit a fmell of fpirit of tartar. After filtration, 
and evaporation to the confidence of fyrup, the 
folution of tartareous acid affords cryftals. The 
quantity of acid weighs thirty-four, and the eva¬ 
poration is carried to drynefs. 
v. Certain vegetables, thgt have not undergone 
fermentation, like wife contain the tartareous acid, 
v By digeftion.wkh water and ardent fpirit, this 
acid is converted into vinegar. In the fire it grows 
black, and affords a fpongy coal, which contracts 
much, and grows white by fgnition. By diftilla- 
tion it affords phlegm, fcarcely acid, with fome 
oil, and leaves an earthy refidue, neither acid nor 
alkaline. It is not convertible into faccharine acid 
by treatment with nitrous acid, 
w Crude vinegar may be rendered much flronger 
by expofing it to the froflt. The water freezes 
6 alone. 
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alone, and leaves the acid greatly concentrated; 
the water exceeding the acid that remains three 
or 'four times in quantity, or more, according to 
the ifitenfuy of the cold. This procefs renders 
the vinegar much lels difpofed to the putrid fer¬ 
mentation. For this laft purpofe, however, it may x 
be of importance to oblerve, that boiling for a 
lhort time, either prevents die putrid fermentation 
from coming on, or at leaft retards it very much. 
Common vinegar, after fuch boiling, will keep for 
feveral years *. 

By diftillation of crude vinegar the acid is ob- v 
tained in that ftate of purity in which it is called 
the acetous acid. < It is then no longer fufeepdbie 
of the putrid fermentation. Like the other acids, 
it a&s on alkalis, earths, and metals, with which it 
forms compounds diftin&ive of its own peculiar 
nature. 

The acetous acid may be had very ftrong by z 
diftillation from cryftals of verdigris, which is a 
fait conftfting of copper combined with the acetous 
acid. It is then called radical vinegar. 

* Schecle’s Eflays. I do nofe however, find it anfvver with 
our common beer vinegars. 
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CHAP. XV. 

OF THx. ALKALIS. 

a Neither the vegetable fixed alkali, nor 
any of the Tales containing ir, are round in con¬ 
siderable quantity in the rr’neial kingdom. It 
b is procured by burning veger oh* Jubilances in 
the open air, the fait being (.burned from their 
afhes by elixiv.ating them in water, and evapo¬ 
rating the clear folution to drynefc. The crude 
or unrefined alkali, procured r i otn wood-afhes, is 
called pot-afb. It is imported f om the northern 
parts of Europe, where wood is chc«p, and con¬ 
tains about half its weight of comm -n f^r in the 
(late in which it is ufually retailed in Lord in. 
An addition made doubtlefs with a view to frau- 
c dulent profit. Poc-afh may be rendered purer by 
folution in water and boiling. As the water eva-r 
porates, the common fait will cryftallize and fub- 
fide, and the ley may be poured off at various 
times. The greater part of any falts it may con¬ 
tain are thus leparated, after which the alkali 
may be dried, and placed on 'an inclined plane of 
glals, in a damp place. The puicft part of the 
alkali will attraft the humidity of the air, and 
run off in a liquid form into any receptacle placed 
for that purpofe. 

d There is not, however, any method fufficiently 
eafy to render the fixed alkali of pot-afli pure enough 
8 to 
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for nice chemical purpofcs, more efpccially as this 
ialt may be had, without much trouble, from nitre 
or tartar. If the fineft priftnatic nitre be de- a 
flagrated with charcoal (183, 1) the acid flies off, 
and *the alkali remains in a mild flate, and very 
pure. For this purpoie the nitre muft be made 
red hot, in a crucible much larger than is fuffi- 
cient to contain it, and a fmall quantity of grofsly 
powdered charcoal muff be added. The inflam¬ 
mation inftantly takes place, and continues till all 
the charcoal is confumed. More coal muff then 
be added, and the fame repeated till no farther 
detonation happens ; care being taken to raife the, 
heat towards the end of the procefs, fo as to keep 
the alkali in fuflon, left it fhould cover and pro- 
tedt the remaining nitre from the contact of the 
coal. This is called fixed nitre, though there is f 
no difference between the fpecimens of vegetable 
fixed alkali, when well prepared, whatever fub* 
jedt it may have been originally obtained from. 

The vegetable alkali' of tartar is very pure, and o 
preferred by chemifts to any other. The tartar is 
■wrapped in wet brown paper, and the parcels are 
placed in beds or ftrata, alternately with beds of 
charcoal in a furnace.' The whole is then fet on 

ft 

fire, and the fire continued till the blackening 
fmoke ceafes to rife. If the heat be too intenfe, 
the alkali will melt, and mix with the impuri* . 
ties of the coal; but when the procefs is Well 
conduced, the parcels of fait .may be taken out 
entire. By clixiviation in pure water, with filtra* 
Vql. II. A tion. 
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tion, evaporation, drying, and calcining, for 4 
confiderable time, with a low heat, the mild alkali 
is obtained very pure and white. 
h Equal parts of tartar and grofsly powdered 
nitre, detonated together, afford a very good* ve¬ 
getable alkali; the acid of the tartar abounding 
with fufficient combuftible matter to decompole 
the nitre. When finali quantities of this are pre¬ 
pared at once, it generally happens that the de- 
compofition is not entirely completed, fo that nitre 
and tartar remain mixed with the alkali; a circum- 
ftance of no eonfequence in the principal ufe to- 
which this alkali is applied, namely, to bring 
earthy matters into fufion by fire. It is called, 
white flux. 

l For fome operations this mixture of nitre and 
tartar are made ufe of without previous detona¬ 
tion. In this ftate it is called crude flux. 
k Two parts of tartar, and one of nitre being 
detonated together, produce an alkali abounding 
with tartar and coally matter* It is of ufe in 
fuch fufions as require the prefence of charcoal as 
in the fuiion or redudkion of metals. It is called 
black or reducing flux. 

l The vegetable alkali attrra&s the moiflure of the 
air, and does not cryflallize, unlefs combined with 
the aerial, or fome other acid. 
m The mineral fixed alkali exifts in vafl quantities 
in the common fait of the ocean, or fait fprings* or 
in rock ialt (189, h). It is fometjmes found com¬ 
bined with the vitriolic acid in the form of Glau¬ 
ber's 

^ / 
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ber's falt*(i74, k). On old walls it is found united 
to.fixed air and water} in which ftate it is collected 

• 1 

at the furface of the earth in many places in Afia 
and Africa. Borax likewife contains it ( 196, l). . 
The mineral alkali has not been procured from the if 
native falts containing it, the aerial excepted, by 
any procefs fufficiently cheap. It is obtained by o 
the incineration of certain plants of the kali kind, 
growing near the fea-fide. The crude mineral 
alkali in commerce is called foda, or barillia. It 
contains feveral neutral falts in fmall proportions. 
Repeated folution and cryftallization in water are 
ufed to purify it, as it is more foluble than the other 
fait* that contaminate it, arid confequently cryftal- 
lizes laft of all. For very nice purpofes the pu- r 
reft common fait may be decompofed by melting 
with calx of lead; the acid combining with the lead, 
and leaving the alkali difengaged: or common fait q. 
may be decompofed by the addition of nitrous acid, 
which feizes the alkali, and forms quadrangular nitre.' 
The nitre being deflagrated with charcoal, leaves 
the alkali difengaged. In either cafe, if common fait 
or nitre remain in the alkali, they will be feparaced 
by folution in water, and evaporation. 

The mineral alkali is ufually combined with a 
enough of fixed air to render it cryltallizable. Its 
cryftals contain above halif their weight of water, 
which flies off by expofure to the air, leaving the 
lalt in a dry white powder. This alkali, when 
deprived of fixed air, will riot cryttallize, but, like 

the 
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the vegetable alkali, attracts humidity from th$ 
air, and becomes fluid. 

s The vegetable and mineral alkalis have a very 
great refemblance to each other in their proper¬ 
ties, but the elective attraction of the former is, in 
general, the mod powerful. Their combinations 
with acids have already been treated of. Their 
aCtion on metals in the humid way is not conflder- 
able. The calces of feveral metals are foluble in 
alkalis by the dry method, as are likewife all the 
earths. Siliceous earths in particular, form, by 
fufion with alkalis, that beautiful product of human 
induflry, glafs. Cauftic, or pure alkalis, unite with 
oily or fat fubftances, and form foap. 

t The procefs for making glafs is Ample j but the 
practice is by no means eafy. From one to two 
parts of alkali are mixed with two parts of vitri- 
fiable earth, and the mixture calcined for a time in 
a heat not fufficient to convert it into glafs. By 
this management great part of the more volatile 
matters, that might caufe the melted mafs to froth 
and fwell, are diffipated. Thefe calcined mate¬ 
rials, called frit, are then melted into glafs by a 
ftronger heat i which, when formed into utenAls, is 
gradually cooled in an oven. This is called anneal¬ 
ing. The imperfections of glafs are, opake fpots. 
bubbles, veins, or a coloured tinge. Some glafs will 
change, or be corroded by the aCtion of the air, or 
chemical menftrua. Such, in general, has too 
much alkali,' or has not been held tong enough in 

fofiorj 
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^fofion. Some will crack by fmall changes of tem¬ 
perature, by wiping, or by the flight fcratches that 
an iron-inftrument may make, or that may be pro¬ 
duced * by placing the utcnfll on a table where a 
pat*tide .or two ■ of fand may cafually lie. Thefe 
faults commonly arife from a want of fufficient 
annealing, or the glafs being fuffered to grow too 
cold before it is carried to the annealing oven. 
The management of the heat is faid to be of great 
importance in this art. 

The art of making loap confifts in depriving the v 
alkali of the fixed air it may be combined with, 
and afterwards combining it with fome oily iub- 
ftance, which, in the .manufactories, is done by a 
gentle boiling. One part of quicklime, and two 
of foda, are boiled together for a fhort time, with 
twelve parts of water. The filtered lixmum is 
foap-lye, or a folution of cauftic alkali, and may 
be concentrated by heat. If it be concentrated till 
its fpecific gravity is about 1.375, or » which is the 
lame /King, -till a phial that can contain an ounce 
of water will hold one ounce feven penny-weights 
and a half of die lye, the (gap may be made with¬ 
out boiling. One part of this lye rauft be mixed * 
with two of olive-oil in a glafs or ftone-ware veflel. 
The mixture being ftirred from time to time with 
a wooden fpatula,, foon becomes thick and white* 
and .in _ feven or eight days the combination is 

, completed, and forms a very white and firm foap. 

t > 

The iye io large manufactories is made no flronger w- 
fhnn to float a new-laid egg, when the workmen begin 

0*3 to 






to form the mixture. To a part of the lye diluted 4 
they add an equal weight of oil, which is fot on a 
gentle fire, and agitated. When the mixture be¬ 
gins to unite, the reft of the lye is added, and the 
whole digefted by a gentle heat till the foap is 
formed. If it be well made it is firm and whine. 


not fubjedt to become moift by expofure to the 
air, and completely mixes with water, without 
exhibiting any drops of oil on the furface. Trial 
is made of it, and the requifite alterations are ob¬ 
tained by the addition either of oil or alkali. At 
the end- of the boiling common fait is thrown in. 
A twofold eftedfc is hereby produced. The foap 
is feparated, becaufe not diffufible in fait-water j 
and it is rendered harder by the complete reparation 
of vegetable alkali from it: for the vegetable alkali 
does not snake a firm foap; and, as much of it as 
may be in the mixture, decompofes a portion of 
the common fait by ftronger affinity to its acid. 
The alkali of the decompofed common fait, namely, 
the mineral, unites therefore with that portion of 
the oil which would otherwise have remained in 


combination with the vegetable alkali, 
x The deanfing property of foap is well known, 
and is to be attributed to its alkali, whjch will ren¬ 


der a fmall portion of oily matter, beyond what it is 
already united to, diffufible in water. Soap is. cafily 
prevented from mixing with water by any lalt, 
except alkalis* and is therefore no contemptible 

♦ell of the purity of ijatural waters (r 49, o)» 

Sal 
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Sal ammonite, or felited volatile alkali, formerly r 
imported from Egypt, is now made in large quan¬ 
tities ih Britain. The volatile alkali is obtained in 
an impure liquid Hate by diftillarion from foot or 
bones, or any other fubftance that affords it. To. 
this the vitriolic acid is added. The vitriolic am- 
moniac (174, l) thus produced, is then decompofed 
by common felt, by double affinity; the vitriolic 
acid combining with the mineral alkali, and the 
marine add with the volatile alkali. The liquor 
therefore contains Glauber’s felt, and fel ammoniac, 
which are feparated by cryftallization, and the fel 
ammoniac is fublimed into cakes for fele. The 
cheapnefs of vitriolic acid and of common felt is 
the caufe why they are made ufe of inftead of the 
marine acid. 

The volatile alkali cannot be had abiolutely a 
difengaged from every other fubftance, except in 
the form of air. By diftillation of fel ammo¬ 
niac with lime, a fohidon of pure volatile alkali, in 
water comes over (144,0) which cannot be ren¬ 
dered dry for want of fufficient fixity in the felt. 

If chalk be ufed inftead of lime, the volatile alkali a 
receives more than its own weight of fixed air, and 
comes over in a concrete ftate much left pungent 
than in the other procefe, though nor fufficiently 
neutralised to prevent its exhibiting its alkaline 
properties very ftrongly (160, w.) 

Impure volatile alkali is purified by forming b 
fel ammoniac with the marine acid. Sal ammo¬ 
niac becomes very pure by a few fublimations, and 

(^4 the 
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the volatile alkali being recovered again by the 
procefs already defcribed, is found to be one and 
the fame fait, whatever may have been the fubjftft 
that originally afforded it. 

c In the diftillaiion of the cauftic volatile alkali, 
(144, d) an aenform fluid is extricated, which 
confifls of the alkali, either pure or elfe combined 
with too fmall a quantity of water (145, d) to 
admit of condenfation into the fluid flate. It may 
be confined by quickfilvcr. With water it forms 
the caullic volatile alkali, from which heat again 
expels it: with fixed air it forms the concrete vola¬ 
tile alkali; and with marine acid air (j 90, o) it 
forms common fal ammoniac. When the ftrong 
caullic volatile alkali is dilliUed, it is therefore necefc 
fary to annex the pneumatic apparatus with water to 
receive the alkaline air (190, o*) 

d The electric fpark palled through alkaline air 
produces an impure inflammable air three times the 
bulk of the alkaline, air, and when this is detonated 
with vital air, the refidue is azotic air. Hence the 
volatile alkali is lhewn, as well as from direct experi¬ 
ments of combination, to confill of inflammable air 
and azotic air. 

x, The properties of volatile and fixed alkalis re- 
femble each other, but the eleftive a tt raft ion of the 
latcor is mod prevalent. 1 he volatile alkali has 
more dire# aftion on metals and metalic calces than 
the fixed. In the dry way it cannot be exhibited. 
Cauftic volatile alkali combines with oils, though 
difficultly. The faponaceous liquid, called can de 
luce, is a preparation of this fort. 


CHAP. 
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CHAP. XVI. 

m 

OF MINES AND METALS IN GENERAL. 

The internal parts of the earth* as far as the f 
excavations made by natural caufes, or by the in- 
duftry of men, have given (cope for obfervation, 
exhibit ftriking marks of the immenfo changes 
that have been produced by the chemical adlion of 
bodies on each other, during a courfe of ages for 
preceding all human record. It feems probable, c 
that the loftieft mountains, which, run in chains 
through the great continents, and are compofed 
chiefly of granite, had their exigence as liich pre¬ 
vious to that of the animal^ or vegetables on the 
earth. The fame remark applies likewifo to moun- h 
tains of limeftone, or marble of a granular texture, 
and is founded on the confideration, that the re¬ 
mains of thofe organized lubftances are never found 
in them. Other mountains, for the contrary reafon, z 
are evidently of pofterior formation. Such as have 
their materials arranged in ft rata or beds, feem to 
have been formed by fubfldence and cryftallizarion 
in water. The planes thus formed, appear, from a 
variety of figns, to have been disjoined, broken,' 
and thrown up into heaps by earthquakes, or iimi- 
lar convulflons of nature. Volcanos, or the erup- k 
tion of fubterraneous fires, have alio contributed 
greatly to change the internal conftru&ioa and' 

external 
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l external appearance of the globe we inhabit. There 
is no country or climate where viftiges of thefe 
awful phenomena are not plentifully to be met 
with. Volcanic hills are often pyramidical, with a 

v 

plain, or hollow cavity at top, and have one or 
more ridges proceeding from thence as a center. 
Strata of lava, and other volcanic products, abound 

I 

in the vicinity, moftly beneath the furface, and 
are regularly difpofed fo as to point out the fource 
M from which they formerly iflued. Metallic bodies 
are moftly found in the ftratified mountains. The 
beds of thefe mountains being thrown up into an 
uidmed pofrdon, appear to have been worn down 
by die long continued aftion of the atmofpheric 
changes; lb that ftrata, which in lower grounds 
are too deep for the miners to arrive at, are here 
rendered acceffibk. 

n Such metallic combinations as are found in 
nature are called ores. The metal is faid to be 
. . mineralized by the fubftance that is combined with 
it. It muft, however, be obferved, as an excep¬ 
tion, that native metallic falts are not called ores. 

* i 

o The chief mineralizers are fulphur, arfenic, or its 
acid", and fixed air. Metals are alfo found native 
- or uncombined; but fparingly. 
p There are entire mountains which confift of 
iron ore: other ores form but an inconfiderablc 
part of the mountain in which they are found, 

- ’ ' . t ' * " ’ ‘ 

Some ores run parallel to the ftony ftrata, though 

£ p * , ** 1 *' 

very‘far from having, that regularity of thickneft 

thofe 
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thofe ftrata pofiefs; others crofs the ftrata in all 
dirc&ions. The laft are called veins. 

The ftones wherein the ore is imbedded are call- <*_ 
ed ifs matrix. Thefe are not peculiarly appro¬ 
priated to, any metal, but fome ftones more fre¬ 
quently accompany metals than others. 

The art of extrading metals from ores in the R. 
fmall way is called aflaying or efiaying. The term 
is alfo applied to the reparation of gold or filver 
from other metals, and procuring them alone. 
Ores may be affayed either by the dry or humid 
method. In the dry way the procefs is condu&ed 
nearly in the fame method as when the metals am 
extraded in the large furnaces, and, generally 
fpeaking, difcovers little more than the quantity of 
the metal contained in the ore. In the moift way, 
by fkilful management, the quality and quantity 
of all the ingredients become known. 

The procefs by fire for obtaining metals from s 
their ores in large qualities for commercial pur- 
pofes, is called fmelting. 

The operations for feparating metals from ores t 
are trituration, and wafhing in a ftream of water, by 
which the lighter parts are carried oft, while the 
heavier fubfide. This is of fervice when the me¬ 
talliferous parts are confiderably heavier than the 
reft. Roafting, by which fulphur, water, arfenic, 
vitriolic acid, or other volatile and ufelels fubftances 
are diflipated. Fufion or fmelting with fuch a 
mixture of earths, or other matters as may facili- 
' tate the fame, by which the luperfluous part of 

the 
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yly ore is fcorified, or melted into .a flag or glafs, 
fufficiently thin to allow the metalline particles to 
fobfide to the bottom- of the furnace in a regulinc 
v ft ate. In afiays, combuftible or coaly matters are 
uied for fluxing the. mafs, that the metal may be 
reduced by depriving it of the vital air it may bp 
combined with; but in large works die fuel gene¬ 
rally anfwers that purpofe. 

y It is obvidus, that the trituration, walhing and 
roafting, are not in all cafes required; that in 
fbme cafes the roafting muft precede the tritura¬ 
tion; and that the additions in the fmeking 
require an attention to the fuppoled or known 
w contents of the ore required to be fufed. The pre¬ 
vious examination of ores by the blow-pipe, 
(134, o) and more-especially the humid analyfls, 
are of great ferviee, by indicating the proper 
additions to be made in fmelting. 
x In the humid way the ore is finely powdered, 
and difiolved in fuch a menftruum as is adapted to 
. take up either the whole or fome of the parts cpn- 
jnftured, or by blow-pipe experiments known, to 
enter into its compofifion. The undifiblved refir 
due, if any, is fubjefted to triale by other men- 
ftruums.. The parts in folution may be feparated 

by the addition of precipitating matters, or uy eva- 

* _ 

porating the folvent to drynefs. The properties and 
weight pf the precipitates indicate both the quality 

* « i * 

and quantity of, each fubftance .contained in the ore. 
This < method of a flaying, though incomparably 
. more exa& than the other, is not yet much prac* 
tiled, becaufc the operations are flower,, and require 

aq 
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an extenfiive application of the principles of the , 
moft enlightened chemiftrv*. • 

Metallic fubftances in their regoline ftate have y 
• • 

a peculiar brilliancy and opacity (170,2.) Pro¬ 
perties, undoubtedly owing to their great denfity, 
and their combuftible nature. For the refradlive 
power which bodies exert on light is found to be 
nearly as their denfities (1. 162, a) excepting inflam¬ 
mable fubftances, and in thefe it is in' a higher pro¬ 
portion. And, becaufe the refradtion and reflec¬ 
tion of light arife from the fame caufe (1. 30&, x) 
fuch bodies as refradt moft will alfo refledl the light 
moft ftrongly. Opacity is a confequfcnce of the 
refledlion of light. White metals are very opakc. 
Gold-leaf, which is about f the 4 - T ro-rir‘p ait °f 
inch thick, tranfmits light of a beautiful green* 
but fiiver-leaf, which is about the of an 

inch thick, is opake. Other metals have not been 
fo much extended, and whether any of them are 
fufcCptible of it is not known. 

Melted metals, like all other fluids, aflume a 2 
iymmetrical form in cooling (15 a, x.) The chryf- 
tals are larger the flower the tranfition from the 
fluid to the folid ftate* and the fpecific gravities of 


* See Bergman's Opufcula, and Kirwan’s Mineralogy. 

t This it the thickncfs deduced from the weight and furface 

• • 

of a book of gold, when the metal is fo line as to have but 

r * 1 

three grains of alloy in the ounce, and the workman extra¬ 
ordinarily fkilfnl. Finer gold Cannot be wrought in this 
Way, bdcfcnfe it is too foft to expand over the irregularities of 
the gold-boater’s Ikins* 


fome. 
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fome, and, perhaps, all metals, are greatly afFe&ed in 
the lame fpecimen (17, w) from this circumftance. 
Several metals are capable of having their cjyftals 
leparated by agitation or pounding, juft at the rime 
of congelation; and have then a powdery or granu¬ 
lar form. Thefe, if ftruck with a hammer imme- 
diately after congelation, are broken, and exhibit 
the regular arrangement of their internal parts. 
Lead affords a remarkable inftance of this. 
a Moft metals will mix in all proportions with each 

1 

other, though perhaps not uniformly,, and may be 
afterwards feparated by procefles founded pn the 
confideration of their various fufibility, folubility, or 
dilpofition to be calcined. 

B The fpeclfic gravities of thefe metallic compounds 
is fcarcely ever fuch as would be mathematically 
deduced from their fpecific gravities of the metals 
made ufe of, on the fuppofition of their jun&ion 
by fimple contact. 

c The fufibility of thefe compounds is fikewife 
fuch in feveral inftances as would not be expe&ed 
from the fufibility of the ingredients. In particu- 
' lar, a mixture of eight parts biifmuth, five lead, and 
three tin, will melt even in a heat lower than is 
fufficient to cayfe water to boil. * 

d The portion of bafer or lefs valuable metal that 
is mixed with gold or filver, is called alloy, 
s The imperfect metals are calcined by heat with 
accels of -air: during this procefs they combine 
with the vital air of the atmofphene. The calces of 
molybdena, arfcnic, and wolfram, are capable of 

uniting 
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uniting with a larger portion of vital air, and then 
become acid. Whence it is conjectured, that all 
metallic calces are of an acid nature. 

Metallic calces are revived by ftrong heat 19 con- r 
taCl with cotnbuftible matter (152, w. 167, <*.) 
The black flux is very ferviceable for this purpofe; 
for, at the fame time that its combuftible part re¬ 
duces the metal and its thin fufion favours its fubfi- 
dence, the alkali promotes the work, by combining 
with the fixed air commonly contained in the calx. 

A calx is heavier abfolutely, but not ipecifically, c 
than the regulus it was produced from. 

The calces of metals are not only capable of h 
revivification, but fomc of them appear to combine 
with fo large a proportion of carbon or coally matter 
by the vapour of fpirit of wine being paflfed over 
them when melted, as actually to become converted 
into a Ipecies of charcoal. Copper in particular 
is converted into a charcoal of more than twenty* 
fix times its former weight, which may be. burned 
in vital but not in common air *. 

Metals are foluble in acids, but not in their z 
neguline Hate. Such acids as cannot calcine a t 
metal expo fed to their adtion do not diffolvc it, 
though they will take up the calx. During the 

1 J 

folution of metals phlogifton cfcapes in the form of 
lame kind of air that contains it. Metals too far 
calcined are not foluble. 

When a metal is dilfolved nearly to faturation k 
in an acid, it will be precipitated in its reguline 

* Prieftley, VI. 207—211. 

forit) 
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form by the addition of another metal, provided the 
attraction of the diflolved calx for vital air of the 
metal laft added, together with its attraction for 
the acid' be left powerful than the lame attractions 
on the part of the metal which is added. The 
order of the precipitations of metals by each other 
is the lame in all acids § a circumftance which fhews 
that, the attractions of the metals to vital air are 
'more concerned in the effeCt than thofe of the 
acids for the calces. The order is, zink, iron, 
manganefe, cobalt, nickel, lead, tin, copper, bif- 
muth, antimony, arienic, mercury, lilver, gold, pla- 
tina: where any preceding in the lift will precipitate 
any or all thofe which follow, but none of thole 
that come before. 

jig Sulphur dillblves many metals, and the alkaline 
liver of fulphur dillblves them all except zink. 
For this reafon, great care ought to be taken to 
coaft fulphureous ores well, previous to allaying 
them with alkaline fluxes, as the fulphur, together 
with the alkali, forms this menftruum, and much of 
the regulus is retained. 

n The imperfeCt metals are calcined by deflagration 
with nitre, and alkalile that fait in the fame manner 
as any other phlogiftic fubftahee. Some of thele, 
when fufficiently heated, burn, or are decompofed 
with flame, and moft of them are rapidly burned 
by heating in vital air.. 


CHAP. 
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OP THE PERFECT METALS, GOLD, PLATINA, AND 

SILVER. 

The perfect metals, gold, platina, and filver, 0 
cannot be calcined in any Jenfible degree by mere 
heat, or deflagrated with nitre. When calcined 
by other methods, they may be reduced by heat¬ 
ing, without the addition, of any combuftible mat¬ 
ter. 

Gold is a yellow metal of much greater fpecific p 
gravity than any other, except platina (17, w) 5 
dire&iy folubie in aqua regia (192, v), and the 
aerated marine acid, and precipitable from thefe 
in its metallic form, by the folution of vitriol of 
iron. Vitriolic acid, diftillcd from manganefe, 
alio difiblves it. It has hll the {netallic charaflers 
(170, 2) in the molt perfedt degree. When in 
fufion, it has a fea-grecn colour, which is alfo the 
colour of gold leaf by tranfmitted light. 

Gold is moftly, if not always, 'found in its me- q_ 

• 

tallic (late. * Some fands afford gold by Ample 
wafhing, the heavy metallic particles fubfiding 
foorreft. But when embodied in earths, or ft ones, 
thefe are pulverized and boiled with one tenth of 
their weight of mercury, together with water. The 
mercury, after a certain time, abforbs the gold, 
and may be feparated by dHbllacibn. Or other- 

Voit. II«- R wife 
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wife by Leafing the fand red-hot, and quenching 
in water feveral times, for the purpofe of cracking 
and dividing it, and theh melting the whole Into 
glafs with twice its weight of the calx of lead, 
called litharge. Charcoal being added, revives 
the litharge into lead, which fubfides to the bottom, 
carrying the gold with it. If the lead, thus fepa- 
rated fi om the fand, be again converted into li¬ 
tharge by calcination, the gold will remain fe- 
parate at the bottom of the teft (130, x). 
r This laft operation, called telling, or cupellac¬ 
tion when performed in the fmall way, is one of 
the bell methods of fepatating the imperfect from 
the perfect metals. The mafs of metals to be 
cupelled is put, together with lead, into a fmall 
lhallow crucible of burned bones, called a cupel, 
and fufed with a confiderable heat, with accefs of 
air. The lead continually vitrifies, and carries 
all the impet fe£t metals with it. No litharge is 
produced in the fmall way, beeaufe the glafs of lead 
is imbibed by the porous cupel. During the cupel- 
lation, the fconfc, running down on all lides fi om 
the metallic mals, produce an appeal ance called 
circulation, by which the operator judges that the 
piocefs is going on well. When the metal is near¬ 
ly pure, certain rainbow colours flafh acrofs the 
furface, which foon after appeal s very brilliant and 
clean. This is called the brightening, and Ihews 
that the cupellation is ended, 
s If the cupelled mafe contain more gold than 
Giver, the gold may be dilTolved by aqua regia, 

and 
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and the Giver will remain in a powdery form. If 
the Giver prevail, pure nitrous acid will diflblve 
it,* and leave the gold. It is found moft advan- 
taneous to add pure Giver, if required, to make 
thi? proportion of this metal to the gold as three 
to one. For in this cafe the quantity of Giver 
is not lb finall as to be prote&ed by the gold 
from the adtion of the menftruum, nor the gold 
fo fmall as to fall into powder, when delerted by 
the Giver. Thefe proceffes are called parting. 

If platina be fupppfed to be mixed with the t 
gold, both may be diffolved in aqua regia, and the 
gold will be precipitated alone on the addition of 
martial vitriol. No other -metal is precipitable 
from its folvent by martial vitriol but gold. The 
iron of the vitriol thus ufed becomes more calcined 
than before. 

The precipitate of gold from its folvent by a u 
volatile alkali, or by a Gxed alkali, if the volatile 
alkali be prefent in the menftruum.. (192, v), has 
a wonderful power of detonating, with a moderate 
heat, the gold being at the fame time revived. 
The force of this exploGon is not fo great as that 
of gunpowder, if a judgment may be formed by 
burning it in a clofed metallic veflel; but is much 
greater, if attem.ion.be paid to the prodigious noife 
it makes, and the laceration of the metallic plate it 
is burned upon. Thefe contrary concluGons may 
be reconciled, either by fuppoGng the force of aurum 
fulminans lefs than that of gunpowder, but that its 
velocity of expanfion is greater at .the beginning; 

R 2 
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or otherwife, by luppofing its force to be greater, 

* 

but that, when inclofed and in contact with red- 
hot metal, the'powder is decompofed in another 
way without explofion. Experiment mull, how¬ 
ever, determine. From various experiments upon 
this dangerous compound, it is afeertained that it 
confifts of gold calcined and united to volatile alkali, 
and that the explofion is produced by the fudden 

combuflion of the inflammable air of the alkali, with 
*. 

the vital air of the calx, while the azotic air, or other 
principle of the alkali, is extricated in the elaflic 
(fate. 

v Tin, either diffolvcd in aqua regia, or in fub- 
fiance, added to a folurion of gold, precipitates the 
gold in the form of a beautiful purple powder, 
called the purple powder of Caff,us, vriiich is of 
ufe in enamels, as it gives a fine tinge to glafs. 
The preparation of this powder, and the produc¬ 
tion of a clear riiby coloured glafs, require peculiar 
management. 


w Light diflillcd oils, and more particularly ether, 
take gold from* its folvent, but no other metal. If 
the ether be left to evaporate, by imperfectly 
doling the phial, the gold falls in its metallic 
form, no longer foluble by the acid beneath. Ar¬ 
dent fpirir, wine, or vinegar, mingle uniformly 
with' folutions of gold, and feparate it alone. 
Thefe methods ptfrify gold from all admixtures, 
x Liver of fulpKur combines with gold in the dry 
way into a mafs, difiblyable in water. 

v . The imaginary value of gold probably originated 

■* 
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in its property of bearing the aftion of the air, and 
all other liquids commonly met with, without 
tarnifhing or rafting; to which value, no doubt, its 
. gijeat and almoft inimitable fpecific gravity has 
contributed. 

The gold coins of Biirain confiftof eleven parts 
gold to one of copper. The alloy is required to 
give the neceflary hardnefs. 

Platina has been found hitherto only in the gold- 2 
mines in Peru. It comes over in the form of 
grains, intermixed with ferruginous • fand and 
quartz. The grains that remain, after the moft 
magnetical and earthy particles have been fepa- 
rated, are of a whiter colour than iron. Thde 
contain one third of their weight of iron, and 
have a fpecific gravity of j6 or 18. To purify a 
it, it muft be repeatedly boiled in marine acid, 
till no more iron is feparated, then wafted, and 
diffolved in aqua regia * to this the P ruffian alkali 
is to be added till it ceafes to precipitate any iron; 
the clear folution being decanted off, the addition, 
of pure fal ammoniac will throw down the platina, 
which may be fufed in the moft violent heat of a 
furnace. No other metal is precipitabie by fal J 
ammoniac. 

Platina thus purified, is by much the heavieft b 
body in nature (17, w). It is very malleable, 
though confjderably harder than either gold or 
filver. I ts colour nor diftinguiftablc from filver 
on the touchftone. When in the higheft degree - 
of purity it is not magnetical i hut when its fpe- 
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cific gravity is as low as 21.36, it ftill contains 
iron fufficient to render it fufceptiblc of the mag¬ 
netic touch, and obedient to a ftrong magnet*. 
It is folub’e only in aqua regia, or the deph'o- 
giflicatcd marine acid, and is not adled on by 
fulphur. Mercury does not difiblvc it. It with- 
ftands cupel, ition. 

c Platina unites with moft of the ether inetals, fo 
as to compofe a uniform compound. 

u Silver is the whiteft of all metals, folublc in 
moderately dilute nitrous acid, and in the vitriolic 
acid by the afiiftanre of heat, but not diredly in 
the marine acid, nor aqua regia. It is precipiCable 
from either' of the fiift mentioned acids by the 
addition of marine acid, which combines with its 
calx, and forms the nearly infoluble compound call¬ 
ed luna cornea. Its malleability, compared with 
that of gold (231, v), is nearly in proportion to 
its fpecific gravity. 

l Native filver is found in a great variety of 
forms, and imbedded in vai ious earths. Some of 
die malies have 'been found of the weight of fixty 
pounds. The gteateft quantity of this metal comes 
from Peru. 

r The ores of filver are very numerous. Sulphur, 
arfenic, marine acid, coal, iron, copper, anti¬ 
mony, are the fubftances that leverally or col¬ 
lectively, in greater or lefs proportions, enter into 
their compofitidn. 

. . f 

* Sec the fidKon on nia^netifin. 
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The folurion of filver, in the nitrous acid, af- Q 
fords nitrated filver, or lunar nitre, in fmall cryftals. 
This fait detonates when heated with combuftible 
• meters,* but fufes in a moderate heat, without ad- 
ditiBn, into a dark coloured mafs, ufed by fur- 
geons as a cauftic, under die name of lapis in- 
fernalis. 

Marine acid, or pure common fait, being added h 
to a folution of filver, the filver falls down in com- 
bination with more than its weight of the marine 
acid. This compound melts in the fire, at a 
low red heat, and if caft into thin plates, is femi- 
tranfparent, and fomewhat flexible like horn; 
whence its name luna cornea. If carefully pre¬ 
pared, it proves clear, and is fuppofed to have 
given rife to the notion of malleable glafs. A 
greater heat does not expel the acid, but the whole 
concrete either riles in fumes, or paffes through 
the pores of the vefiel. As the marine acid throws 
down only filver, lead, and mercury, and the 
latter two of thefe are not prefent in filver that, has 
paffed the cupel (236, r) though a fmall quan¬ 
tity of copper may elude the fcorification in that 
procefs, the filver which may be revived from 
luna cornea is purer than can be eafily obtained 
by any other procefs. It is reducible by tritura- 1 
tion with its own weight of fixed alkali and a 
little water, and afterwards melting the whole in 
a crucible, whofe bottom is covered with mineral 
alkali, well prefled, the mafs of luna cornea being 
3H0 covered with the mineral alkali. This ma- 
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nagement is required in order that the redufc* 
tion may take place fee fort die volatilization comes 
on, whkh } m the ufiaal method of reduftion. 


would caufe a 
loft. 


eoofiderable part of the. filver tojbe. 


ic The property of forming a luna cornea, or 
fcarcely ioluble compound, with marine acid, af¬ 
fords a good teft for detecting the prefence of 
fmall quantities of that acid, or unmetallic felt 
containing it, in waters. For by dropping the fe¬ 
tation of filver in nitrous acid into fuch waters, 
a cloud, of a curd-like appearance, will be im¬ 
mediately formed by ‘ the combination of the calx 
l of filver with the marine acid, if prefent. This 
property aUb affords a method of purifying the 
nitrous acid (184/ o). 

m Silver is not corroded by the afkion of the 
atmofphere j but is very apt to tarniih and grow 
black by expofure to fulphureous vapors. 
n Sulphur, and aifo the* liver of fulphtir, diffolve 
filver in the dry way. 

The fulminating compound of volatile alkali 
with filver, exhibits one of the moft aftenifhing in- 

ftances of chemical, detonation hitherto obferved. 

■ ■ 

Its properties were difeovered by Berthollct *. 
Pure filver is difiblved in pale nitrous acid, and 
the calx precipitated by lime-water. After decan- 
* cation of the fluid, the precipitate is expofed to the 
air for three days to dry, in which die inventor 

. ' r * . W • 


* Journal <te Phi^qae, June 1788. 
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drinks the prefence of light is fequifite. This 
dried calx being agitated or fttrred in a folution of 
caoftic volatile alkali, aflumes the form of a black 
^gefwder which, when leparated by decantation, and 
dried in the air, is the fulminating iilver. The al¬ 
kaline fluid likewife contains a portion of filver in 
folution which may be feparated by evaporation, 
and cooling fo far a9 to afford cryftals, which alio 
poflefs the detonating property. 

Gunpowder and fulmimring gold arc not to be 
compared with this new produft, for the firft re¬ 
quires ignition, and the latter a perceptible degree 
of heat to produce detonation. But the flighteft 
agitation or contact is fufficient to caufe the filver 
to explode. When once obtained, it can no more be 
touched. Even the falling of a drop of water upon 
it produces the exploiion. No attempts can there¬ 
fore be made to enclofe it in a vefiel. None but 
metallic veffels can be ufed in the latter part of the 
procefs. The fafety of the operator will be endan¬ 
gered if any quantity exceeding a grain of filver be 
ufed, and even in this cafe it is proper that his face 
fhould be defended by a mafk, with apertures for the 
Cycs covered with ftrong glafs. 

The theory of this detonation is the fame as that 

i * 

of fulminating gold. 

It is a valuable difcovery of Mr. Kier *, that a 
mixture of ftrong vitriolic acid with the nitrous acid 
pr nitre is a jpowerful folvent of filver, though it 

* Phil. Tranf. 1780, p. 367. 
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fcarccly a£ts upon the metals. This is of eonfider* 
able importance in the Birmingham manufadtu re 
where the filver in the cuttings of plated copper, is 
required to be feparated from this lafl: metah F^>r 
this purpofe the pieces of metal are put into a glared 
earthen pan, and a comppfition of eight or ten pounds 
of oil of vitriol, with one pound of nitre, is poured 
upon them, ftirred about, and the action of the fluid 
afiifted by a heat between ioo° and 200 ° of Fah¬ 
renheit. When the liquor is nearly faturated, the 
lilver is to be precipitated by common fair, which 
may be eafily afterwards reduced, or otherwife the 
filver may be precipitated in its metallic ftate, by 
"adding to thefblution a few of the pieces of copper 
and a fufficient quantity of water, which enables the 
liquor to a£t on the copper. The theory of this 
efFcdb ftill remains to be inveftigated. 
o Pure filver, like pure gold, is too foft to be 
uffcd for ordinary purpofes without alloy. In the 
Britifh coinage fifteen parts of filver are alloyed 
with one of copper. 
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CHAP. XVIII. 

- % J 

OF THE IMPERFECT METALS J MERCURY, LEAD, 

COPPER, IRON, AND TIN. 

Mercury or quickfilver is a metal of a bluifli <i_ 
white colour, not fufceptible of ruff, or tarnifh, 
by expofure to the air. Its fufibility is fo great, 
that it becomes fluid long before ice melts; 
and its volatility is fuch, that it is driven off 
by actual ebullition, at a temperature (127, r) 
which the greater part of the other metals fuf- 
tain without melting. In its folid ftate it is mal¬ 
leable. Its fpecific gravity (17, w) is greater 
than any of the other metals, platina, gold, and 
wolfram excepted. By a heat, nearly fufficient to 
caufe it to rife quickly in the vaporous form, 
it is calcined, provided the acceis of atmofphe- 
rical or pure air be allowed. This calx, impro- r. 
perly called percipitate per fe, is of a red colour, 
and refumes its metallic form by mere increafe 
of heat, at the fame time that it gives out pure or * 
vital air. 

Native mercury is frequently found, but per¬ 
haps never free from metallic alloy. It is alfo 
found mineralized, in the form of precipitate 
per fe, or combined with the vitriolic or marine 
acids, or with fulphur. This laft is called cinna¬ 
bar. It is of various colours, from a yellowifh to 

a deep 
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a deep red, and is very ponderous.- In dofe 
veflels it fublimes without any other alteration 
than being deprived of its impurities; in open 
tr veflels, with fuffident heat, it is decompoled. Tlj? 
mercury is obtained from it by diftillation, with 
the addition of fome fubflance that will combine 
with, and detain the fulphur; for which purpofe 
iron, in fmall pieces, is commonly made ule of. But 
if calcareous earth be mixed with or abound in the 
v ore, no other addition is requifite. The paint call¬ 
ed vermillion, is an artificial cinnabar, produced 
by combining mercury with fulphur by trituration 
and fublimation. One hundred parts of, cinnabar 
- contain eighty of mercury, and twenty of fulphur. 
w Mercury is judged to be pure when it is per" 

a 

fe< 5 Uy fluid, and runs in neat globules, without 
any pellicle on its furface, or without foiling a 
funnel of dean white paper, through which it may 
be poured by a very fmall aperture at bottom. If 
it leaves nothing behind after evaporation, its 
x purity may be ftill more depended on. For pur- 
poles where the utmoft purity is required, the. 
mercury may be. triturated with flowers of brim- 
ftone, till it difeppears, by uniting with that fub- 
ftance in the form of a black powder, called 
ethiops mineral; with this may be mixed twice 
the quantity of quicklime or filings of iron, and 
the whole being fubmitted to diftillation, the mer- 
y cury will rife, and pafs into the receiver. Duft, 
and other fuperfifial impurities* are removed by 
prefling mercury . through a leathern bag. 


The 
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'The concentrated vitriolic acid, by boiling v 
combines with mercury into a white tnafs, which, 
by rhe effufiorv of a fuMciervt quantity of hoc water, 
becomes of a citron colour. It is fcarcely at all 
foluble in water, and is known in medicine by 
the name of turbith mineral. 

Nitrous acid diffolves mercury very readily, and z 
affords, by cryftallization, a fait called mercurial 
nitre. If this fait, which is white, be expofed to 
heat, it becomes yellow, then orange coloured, 
and, laftly, red, in which ftate it is found not to 
differ from precipitate per fe (243, r. 182, c). 

Vitriolic acid, added to a folution of mercury a 
in the nitrous acid, feizes the. metallic calxi and 
falls to the bottoms forming the fame combi¬ 
nation as would have been produced by the 
diredt folution of mercury in the vitriolic acid 
(245, y). The affufion of warm water converts 
it into turbith mineral. 

The common marine acid does hot diflblve b 
mercury, though it readily unites with it when 
fufficicndy calcined by other means. Thus, when 
mercury is calcined by nitrous acid, in which it is 
diffolved, the marine acid being added, immediately 
feizes the calx, and forms a fait of difficult folu- 
bility, which falls to the bottom. It is obfervable,* c 
in difiblving mercury in the nitrous acid, that the 
folution at the beginning is attended with the efcape 
of nitrous air (185, r), but that the mercury con¬ 
tinues to -be diffolved after the emiffion ©fair has 


ceafod. 


The latter portion is therefore : taken up 
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in its tnecaUic ftate. If the marine acid be added 
d to a folution of no greater quantity of mercury 
in nitrous acid, than could be difiolved with-ef- 
fervefcence, the precipitate will be a fait of iplu- 
ing folubility in water, and highly corrofive, known 
e by the name of corrofive fublimate. But if the 
nitrous acid be loaded with as much, mercury 
as it can take up* and marine acid be added, 
the precipitate will be mild, and fcarcely at all 
foluble in water, and is then called mercurius dul- 
cis, or calomel. 

r Corrofive fublimate has always, till lately, been 
made by fublimation. This is effefled by a va¬ 
riety of methods, all which tend to combine the 
marine acid with the calx of mercury. If the 
white faline mafs, produced by combining the 
vitriolic acid with mercury (245, y), be tritu¬ 
rated with an equal weight of fea-falt, and ex- 
pofed to heat in a cucurbit (129, x) the vitriolic 
acid quits the calx of mercury to combine with 
the alkali of the fait, while the marine acid thus 
dilengaged unites with the mercurial calx, and 
forms , the corrofive fait required. This is fub- 

1 

. limed by the beat, in a white mafs, cryftallized in 
the form of needles. 

c. _ Corrofive fublimate, triturated with mercury, 
abforbs or unites with a quantity about two-thirds 
of its own weight. Sublimation renders the union 
more perfect, and affords the mercurius dulcis of 
the {hops. 

h The aerated marine acid dire&ly attacks and 

calcines 
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calcines mercury, which it converts into corrofive 
fublimate. 

% 

^Meccury combines with almoit all metallic Tub- i 

r itances, and communicates to them more or left 
•• * 

of its fufibility. When thefe metallic mixtures . 
contain enough of mercury to render them foft in 
a mean temperature, they are called amalgams. 

Lead is a white metal of a conliderably blue ic 
tinge, not fubjedt to be much corroded by ex- 
poiure to air or water, though the brightness of 
its furface, when cut or feraped, foon goes off* 

It is very foft and flexible; not very tenacious, 
and confequently incapable of being drawn into 
fine wire. Under the hammer it is eafily ex- 

i 

tended into thin plates, but its properties have 
not induced workmen to fubjedt it to the lame 
f trials as gold, filver, and copper, and there¬ 
fore its comparative malleability is not known. 
'.Its fpecific gravity is confiderable. On the fire 
it melts long before ignition, at about the 540th 
degree of Fahrenheit’s thermometer, at which pe¬ 
riod it begins to be calcined, if refpirable air be 
prefent. In a firong red heat it boils and emits 
fumts. If melted lead be poured into a box, 
previoufly rubbed with chalk, to prevent adhe- 
fion, and continually agitated, it will concrete 
into feparatc grains, of confiderable ufe in a va¬ 
riety of mechanical operations; or if it be poured 

«i f 

into a mould, and turned out at the inftant of . 
cooling, a blow with the hammer will break the 

♦ . r. 
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mate, and the fymmetrical arrangement of the in¬ 
ternal parts will be feen. 

l The ores of lead are moft commonly found 
among earths of the calcareous or ponderous kind. 
Calciform lead-ores are either tranfparent or opake 
fpars, or pulverulent, or ochreous mafies of a red- 
difh or brown colour. They are reducible by fufion 
with combuftible matters. Lead is alfo found mi¬ 


neralized by the vitriolic acid forming a white 
ponderous fait, foluble in water. Likewife com¬ 
bined with the phofplioric acid of a greenilh co¬ 
lour. Sulphur is the ufual mine*, dizer of lead. 
Of thefe the galena, or potters lead ore, is the 
moft common. It is of a lead colour, but darker, 
and is for the moft part formed in cubes of a 
moderate fize, or grains of a cubical figure, '.vith 


the cornets cut off; its texture being granula^ 
When antimony enters into the compoficion, the 
texture is radiated or filamentous. There ar^ 
alio pyritous and red arfenical lead-ores, but thfe 


latter is very fcarce. The fulphureous lead-ores 
contain filvcr. It is not indubitably eftablilhejjl 
that native ltud has ever been found. 


m By calcination, lead is converted into a dufky 
powder called plumbum uftum; a longer con¬ 
tinued heat, with acceis of air, renders it white, 
yellow, and after ibme days, of a bright ‘ red, 
called minium, or zed lead. The heat for this 


purpoft mud not exceed a certain degree. A 
greater heat converts the falx, by degrees, into a 

yellow 
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yellow flaky *c»hc, callod kthergej and by a mo¬ 
derately ftrong fire, it run* into a yellow ttunfpa- 
reht j*lafs, which powerfully diflolves metallic 
■Calces (236, n)j and unlels combined with tiiefe, 
or eartliy additions, corrodes and pafles through 
common crucibles. This nfafs ads more ftrong- 
ly on filiceous than on argilfl&euus earths, and is 
a principal ingredient in fine white glafs* 

Vitriolic acid, by boiling, combines with lead into n 
a folinc mafs. Nitrous acid unites with it into a 
cryftallizable fait. The vitriolic acid, added to a’ 
folution of lead in the nitrous acid, feizes the calx, 
and falls to the bottom, forming the fame com* 
pound as would have been produced by diredfc fo¬ 
lution of lead. The marine acid in the fame man* 
ner carries down the lead, and forms a combi- 
' yation called plumbum corneum, which is more 
ioluble in water than luna cornea (241, h). 

| The marine acid ads diredly on lead, by o 

foiling. 

. The acetous acid diflolves lead and its calces, p 

S hile lead, or* cerufe, is made by rolling leaden 
tte fpirally up, fo as to leave the fpace of an 
inch "between each coil, and placing them vertically 
in earthen pots, at the' bottom of which is fome 
good vinegar. The pots are to be covered and 
expofed for a length of time to a gentle heat in a 
fond bath, or by placing them in dung. The 
vapour of the vifegar attaches itfelf to the fuHhcb 
of the plates, -*n& corrodes them, by that means 
reducing diem, into cerufe, which comes ‘off in 
Vol.II. S flakes 
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flakes when the lead is uncoiled. The plates ire 
thus treated repeatedly, till they are* corroded 
through. 

q_ The acid in cerufc is fuperfaturared. By lolu- 
tion of this compound in acetous acid, a' cryftal- 
lizable fait, called jugar of lead, is obtained, 
which is the fame arwould with left facility have 
* been procured by dilfolving lead dire&ly in that 

acid. 

x. Sulphur readily combines with lead, by the 
afiiftancc of heat, and forms a compound, flmilar 
to the fidphureous lead ore. 
s Oils and fats have a ftrong adion on lead and 
its calces. Litharge, or any of the other calces 
of lead are copioufly and entirely foluble in oils 
by boiling, which are thereby rendered thicker, 
and more drying. Linfeed oil, thus impregnated 
with litharge, is much ufed by painters, under 
the name of drying oil. Many of the plafters ufed 
in furgery have for their bafis oil thickened by* 
boiling with calx of lead. 

T Lead in its metallic Hate unites with mofl: 
metals. It may be feparated from copper by 
eliquation, or melting by a heat too low to fufe 
the copper. It altogether reje&s iron, 
v Copper is a metal of a peculiar reddifh brown 
colour; fubjedt to tarpifh; it grows black by long 
expofure to tfye air; and cafily rufls by raoifture. 
It is of very confiderable hardnefs, tenacity, due- 
tility, and malleability: and tfj^laflicity is greaser 
than that of any metal, except From this 

' jail 
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lad: property, tnafles bf this metal emit a loud and 
lifting found when ftrtock, and that, more cfpeci- 
ally, wjien of a proper figure (68, w). At a de- ▼ 
gree of heat, far below ignition, the furface of a 
piece of polifhpd copper becomes covered with 
various ranges of prifmatic colours, the red of 
each order being neareft the end which has been 
moft heated; an effeft, which muft doubtlefs be 
attributed'to calcination, the ftratum of calx be¬ 
ing thickeft where the heat has been greateft, and 
gradually thinner and thinner towards the colder 
part (x, 280). A greater degree of heat calcines 
this metal more rapidly, lo that it contracts thin 
powdery feales on its furface, which may be eafily 
rubbed off, the flame of the fuel becoming"* at 
the fame time of a beautiful green or bluilh co¬ 
lour. In a ft rang white heat, greater than is nece£ w 
fery to melt gold or filver, it melts and exhibits a 
bluilh green colour. 

Copper is fometimes found native. Its ores are x 
either calciform, of a red, blue, or green colour, or 
fulphureous, with more Or lefs of iron, arlcnic, or 
zink. It is alfo found mineralized by the vitriolic 
or marine acids (178, w). Copper is extracted 
. from its ores by repeated fuflons and roafting, by 
which the fulphur is driven off, and the bafer 
metals fcorifted. Lead is an ufeful addition for 
depriving it of the laft portions of fulphur. SilVer 
is extra&ed from copper by eliquation (1150, 
witff lead, which carries the filvef down with if. 
This procefs eattftot ihofarever feparate * gold from 

S a copper. 
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copper. When the quantity of gold, is fufpe&ed 
'to be too fmall to be advantageoufly recovered by 
retting, (236, r) it may be extjafted by pulveri¬ 
zing the fulphurated copper, fulphur being added 
’’ if required, and grinding the mafs with mercury, 
which amalgamates with the gold (235, oj. 
y * Vitriolic acid, highly concentrated and boiling, 
diffolves copper, and by evaporation affords blue 
'cryftals (178, v) of vi trickled copper. By 
cementation, of 'Copper with fulphur, part of the 
inafs becomes foluble in water, and affords the 
fame fait. 

2 Nitrous acid diffolves copper with great violence, 
and forms a dehquefeent fait. The folution is 
k jgreen, as are alfo the cryftals. This fait, dried 
1 placed in a heat not much greater than the 
> %nd Bun bear, cakes fire. 

a * Marine ^fid likewife difiblves this metal, and 
forms W 'M|Vefcent fait, which takes fire from a 
candle, i^ptikhs with a blue flame. 

B* Verdigris is made by flratifying copper plates 
with hulks of grapes after the juice has been prdf- 
ed outy tb^ascciaining acid forming this fjabfeyice 
c by corftjM®jg, the metal Verdigris diffolyed in 
thft&kd vinegar becomes completely faturated with 
acid, and when cryftallized, is improperly called 
diftilled verdigris. 

d Copper may be deprived of any acid by cfiljil- 
1 lation, without any intermediate fubftan<;e T The 
acetous acidf^hus tecovered from,<^yftaIsj ofys^di- 

8 ™. ilflM v « ne 8 ar (?* 7 » "... 
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, 'WJlico copper- is fcpar^ted ( from any acid by the F 
addition of an alkali, jin greater -quantity than is 
fufficient for the purpofe, the alkali difiolves part 
Ot the calx, and gives liquor a,.blue colour. . 

Cauftic volatile alkali diffolyes copper if the Q 
accels of refpirable air be permitted. The folu- 
tion is of a fine blue, and yields oa evaporation, a . 
faline mafs of the fame colour. It is obfcrvable 


that the alkaline liquid remains colourlefs while 
the air is prevented from communicating with its 
furface, but that the blue colour extends gradually 

ijj * 

from the furface downwards, when the veffd is 

t r 

opened. A circumftancc well explained from the 

confideration that" the air leombines with the cop- 

% 

per and renders it foluble'. 

Neutral falcs, and alfo oils and fat fubftances, h 
have a confiderable action on copper.. 

Copper mixes with the " Other metals. The . i 

m 

. compofitions moft generally in ufe, in which cop¬ 
per enters as the principal part, are brafs and 

bell-metal. ' : . ’ 

Brafs is compofed of copper and zink. Ac- k 
cording to the proportion of zink, the brafs is of a 
yellower and paler colour than copper, and when, 
the zink greatly abounds' it is white., Brafs is 
very duftife and malleable when cqld, but brittle 


when hot; It is harder, thore fonorous, and not 
fo liable m ruft as.pure copper i and is alfo more 
fofible, and: left fubjedl to fcorify in a moderate, heat. 
Thefo'^o^erdcs^ added to the beauty of its /CO- 

; , -: ■ y,. ) . , lour. 
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lour, render it a very valuable material in the 
arcs. 

l The fined; brafs is not made by the fiifion’of 
copper and zink, but by the cementation of gra¬ 
nulated Copper,with pulverized calamine and char¬ 
coal. The calamine, which is an ore containing 
zink in a calcined Hate, parts with its zink in the 
form of vapour when revived by the charcoal; 
and this volatile femi-metal combines with the 
copper. The proceis lafts eight or ten hours, or 
even fome days, according to the quality of the 
calamine, at the end of which, by an increale of 
heat for a fhoit time, the brafc is fufed into a mafs 
at the bottom of the crucible. The quantity of 
zink in good biafs, may be about one third. 

m Bell-metal is compofed of copper alloyed with 
tin. According to the proportion of tin the com-- 
poupd becomes paler than copper, and when the 
tin amounts tq one third of the mafi, it becomes 
of a very beautiful yellowifh white. It is remark¬ 
able that zink, which is fcarcely at all malleable, 
fhould unite with copper into the malleable com¬ 
pound brafs; and on the contrary, the two malle¬ 
able metals, tin and copper, compofe bell-metal, 
which is fo brittle, that it may be reduced to pow¬ 
der. The fpecific gravity of bell-metal is acir- 
cumftance equally fingul&r; for in mod; propor¬ 
tions of the mixture it is about as heavy a& the 
heavieft of the two metals, cqpper; and when the 
tin is about one third, its denfity is actually greater 

. ‘ than 
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than that of copper *. if he extreme harJnefs and 
fbnorouihefs of this compound, together with its 
being leis fubj^X to alter by expofure to the 
viciffctuies of the air, than any other cheap metal¬ 
lic compound pofleffing the fame properties, have 
recommended it in the fabrication of various uten- 
fils and articles; as cannon, bells, ftatues, &c. in the 
compofition of which, other metals, however, are 
mixed in various proportions, according to the fancy 
or the experience of the artift. 

The attention of the philofopher is more parti- n 
cularly direXed to the mixture of copper and 
tiri; on account of its being the fubftance of which 
the fpeculums of refteXing telefcopes are made. 
For this purpofe there is required a metal capable 
of an exquifitc polifh, hard enough to receive and 
retain a figure accurately fuited to the regular re¬ 
flexion of light, and not fubjeX to lofe its polifh or 
figute by the aXion of air and the vapou’rs ufually 
floating therein. Such a compofition, it muft be 
confefled, is ftill a defideratum; but tlic experiments 
ancf praXicc of the beft artrfls fhew, that pure 
copper alloyed with pure tin, affords a metal equal 
at leaft to moft of the left Ample mixtures 
given in books. As to the proportions, it is 
found that a fnrnll addition of tin renders the co¬ 
lour of copper whiter, and at the fame time hardens 
it cohfiderably. Thefe efleXs are more and more 
prevalent while the dole of tin inareafes as far as a 
certain point. Fourteen ounces and a half of tin to 

♦ * I 

* Lewis on Newman, i, 97. 
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two 'pounds of copper, is a good’ compofiti6n for 
o mirrors. One third part dti produces a whiter 
colour, but is toot hard to he worked in the ufual 
p methods of grinding. ' If the dofeof tin W greatly 
incrcafed, a loiter metal of a bluilh white colour 
is obtained, which bears and retains a good polilh 
and figure, but does not feem equal to the yel- 
lowilh white. Some care and attention are re¬ 
quired in calling mirrors, that they may not prove 
full of microfcopic pores by the intermixture of 
calx. For this metal is eafily reduced to a calx, 
and burns with a purple flame in a ftrongread heat. 
<$„ To prevent this, the copper muft fir ft be fu fed in 
a melting-pot, larger chan fufficient to contain the_ 
whole, and whofe upper part is filled with pul¬ 
verized charcoal, and the tin afterwards added 


* 


- and when the mixture is completed, the whole 
muft be luffered to cool, nearly to concretion, be¬ 
fore it is poured out. Or, which is ftill better, it 
may be poured out and again melted with a low heat, 
fuch as is merely fufficient for the purpofe. Among 
Various pieces call; out of the fame fufion, the lat¬ 
ter proved always cleaner, better adapted to the 
mould, and of a more uniform texebne when po- 
lUbed> The quantity of,about one fiftieth part of 
arjftoic added at the laft fufion greatly * improves 
die denficy of the metal 

a Jrofc its a metal of a bhriftt white colour, more 


ft 


or'left dark in various fpecimens, fubjed to ruft 
by expofure to air and moifture. Its tenacity. 


dudiliry, and mattoabtikyvery great > 

* 


add it 
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exceed every other tnctbl in ehtfticlty mm} hard* 
nefs. The appearance of prifmatie colours (351, r) 
on. its poUfhed lurface takes place long before 
ignition. It may be ignited by a quick fuccefikm 
of* blows with a hammer. Struck with a flint it 
emits decrepitating ignited particles, iuch as can 
be obtained from no other metal by the fame means. 

It is eafily calcined by fire, but requires a moft 
intenfe heat to fufe it when pure. During its dc- ■ 
compofition by heat, it exhibits (hunger marks of 
combuftion than any other entire metal. It is even 
faid*, that the blaft of bellows will maintain its 
heat after it has beeq ftrongly ignited and taken out 
of the fire; and k is certain that the end of an iron 
wire being made red hot and dipped in a jar 
of vital air, will be entirely confumed by die fue- 
cefiive combuftion of its parts. Very find (havings 
are confumed even in the common air. In a white 
heat, iron appears a$ if covered with a kind of vamifb, 
and in this ftate two pieces applied together will ad¬ 
here and may be perfeftly united by forging. This 
operation, peculiar to*iron, is called welding. Iron is 
thought to be the only fubftance in nature that has the 
property of becoming magnedcal. Such other bodies 
as have that property, pofiefs ic in a very flight degree, 
and it may arife from iron contained in them, as for as 
experiments have yet unequivocally (hewn. 

Iron la motto abundant and more univerfally 
diffusfed than any other mafxBic body. Few foods. 


clays. 
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clays, ftoncs>, or waters of rivers, fprings, rain, or 
fbow are perfe&Jy free from it. The parts of animal 
and vegetable fubftances have been alio obferved 
to contain it. Native malleable iron has been 
found, though rarely. Its ores are either purely 
calcifbrm, as in ochres and hsmatites; or the 
calces are mixed chiefly with earths, as in fpars, 
jafper, boles, bafaltes, micas, &c. j or the iron is 
mineralized with fulphur, as in pyrites, (171,0) 
with arfenic in the white pyrites, or with both; 
with bitumen in the coal ore i or combined with 
the vitriolic acid in native vitriol or vitriolic 
waters. 

t The ores of iron, after roafting, are fmelted in 
furnaces of various magnitudes and forms. Some 
are thirty feet in height, their internal fhape being 
Jjquly the fruftum of a cone, whofe larger bafe is 
uppermoft. Near the bottom is an aperture, for 
the infertion of the pipe of large bellows, worked 
by water, or of other machines for producing a 
Current of air, and alfo holes to be occafionally 
opened to permit the fcoria and the metal to flow 
out, as the prpeefs may require. ^Charcoal or coke, 
with lighted brufhwood, is f^rft thrown in, and 
when die whole jnfidc of the furnace has acquired 
a ftrong ignition, ,.the ore is thrown in by fmall 
quantities at a time, with more of the fuel, and 
commonly a portion qf lime fto^e, as a flux., Jhe 
ore gradually f^bfides into the hotteft part of the 
furnace, where,,wj becomes filled, and the metallic 
particles revived by jda? coal p^ds through the 

fcoria. 
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fcoria; ahd |>affefs thelowerplare. The quantity 
of fuel, the additions* and' the heat rriufl: be re- 

i. 

gtilated in order to obtain iron of a good quality? 
arid this quality muft' Iiketoife, in the firft prodddr* 
be neceflarily different, according to the nature of 
the parts that compofe the ore. 

The bell call iron, of iron as much freed'from v 
heterogeneous matters as the ufiial procefe of fmelt- 
ing can effeCt it, is not at all malleable, and fb hard, 

I _ A _ ■ 

as perfectly to withftand the file. If this be kept 

in Tufion for a confiderable time, it boils, and 

• ♦ 

much fcoria is leparated; and by repeated blows of 
a large hammer on the mals, when nearly at the 
melting hear, more extraneous matter is forced out* 
and it is rendered malleable. In this Hate it is 
much fofter than before, and of a fibrous texture. 

Steel is iron in an intermediate ftate between w 
call iron and iron which is foft, tough, and malle¬ 
able. The iron run from fome German ofes- is 
found to be a good Heel, when forged only to a 

certain point. But Heel is ufually made by ce- 

, / 

mentation from the bed forged iron with matters 
chiefly of the inflammable' kind. Two parts of 
pounded’ charcoal and one of wood afhes Is efteem- 
ed a good cement., The ifon bars are bedded 
ffcparately, or apart from each other* in this cement, 
in a clofed crucible, and kept kt an equal red heat 

^ 1 . * • r * . 1 

for tight br ten hdfarv Sat the end oPwhich ti 
are fotiiidto be tbnVeited into ftcel.- If 
cferiientarion be continued jtoo long, ike fteel is 
|>rou£^ ; to* a 4 date rcfembling call iron, being 

rendered 
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rendered exceffively brittle, Incapable of beiftg Weld¬ 
ed, and apt to crick and fly in forging: but bn the 
contrary, cementation with abforbent earths or finfple 
igrtitfon long continued, reduces ftetl to the ftate 
of forged iron. 

x It is a valuable property of fteel, that though it 
is fuffici^ndy foft when gradually cooled, to be 
formed without difficulty into various tools and 
utenfils, yet it may be afterwards rendered more or 
lefs hard, even to an extreme degree, by limply 
plunging it, when heated, into cold water. The 
hardnefs produced, ib greater in proportion as the 
fteel is hotter and the water colder. The colours 
that appear on the furface of fteel flowty heated, are 
yellowtfh white, yellow, gold colour, purple, violet, 
deep blue, yellowifh white, after which the ignition 
tak& place. Thefe figns direft the artift in re¬ 
ducing or tempering its hardnefs.' Ignited fteel 
quenched In water, proves excefllvely hard and brittle, 
but it may be reduced to the required degree of 
fofenefs by heating it till it exhibits a known co- 
four. Soft fteel has a greater fpeciflc gravity than 
that which is hardened."' 


Crude iron, by cementation with animal tribes, may 
t>e brought up into a* ftate refembling fteel, and ca¬ 
pable of being hardened by immerfion in water; and 
a farther continuation of this process carries it be- 
yond iiiat point, fo tbat It iMembfes forged iron* 
3qt this much* left effeQua# thafc 

forcing* probably becaufc the iMpuriftes of the crude 
,n ** ,r- i f ’.ij -i ,** V i 

iron are not removed try it. 

* Tools 
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Tools ?nd other articles wrought in forged iron, 
are ojften cemented with a, composition of burned 
leather, horns, or the like fubftances for a fliort 
time’, by which a very thin ftratum of the external 
part is converted into fteei, and is hardened by im- 
merfion in water. This is called cafe-hardening. 

The chief differences in iron appear to depend a 
on the piefence or abfence of plumbago (169, v). 
When call: iron is diflolved in the vitriolic acid, 9 
rcfidue remains untouched, which is found to con- 
lift chiefly of plumbago, inflammable air being at 
the fame time extricated (179* a). Steel in the 
famp circumftances affbids left plumbago and more 
inflammable air. Tough, malleable iron, fimilarly 
treated, leaves fcarccly any ididue, but giyes out 
more inflammable air than either of the other kinds 
of iron. It is therefore feen that call iron con lifts 
cf the metal combined with plumbago, and per¬ 
haps calcined to fuch a degree as may. be pro¬ 
bably needfary (233,1) in order eo be capable of 
fuch an union. Stttl is st more perfect iron, nearly 
as malleable in its foft Hate as forged iron; but in 
its hard ftate as brittle as the crude call: iron* Pure 
forged iron is the metal itfelf alone. 

The iron obtained from various ores, or by va- c 
■ rious procefies, is found to differ in irs qualities in 
feveraf qther refpe&s, the caufes of which have 
not yet been fuffiqently examined. In particular, 
the iron of certain ores, especially if (he fufton in 
dip ‘ (melting furnace lias not been continued a 
~ Efficient tifine, has the quality of breaking in 

pieces 
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pieces uftdef tfce hummer when ignited. This is 
called red^ihort iron, and is fupptpfed to contain 
arfenic. 

o Such iron as contains the phoiphoric acid, is 
malleable when ignited and brittle when cold. 
Thus is called cold-fhort iron. 
e The vitriolic acid diflblves iron readily, and 
forms vitriol (178, tr). The metal of this fait while 
in folution is farther calcined by the contact of air, 
and is by that means rendered lefs foluble in the acid 
(233, 1). A quantity of ochrcous matter or calx, 
therefore, gradually foils to the bottom in that calc, 
and the liquor, as well as the cryftals, obtained from 
it by evaporation, are paler. 
e Dilute nitrous acid diiTolvcs iron and forms a 
Jaiine combination incapable of cryflallizing. 
Strong nitrous acid corrodes and calcines a con- 
fiderable quantity of iron, which falls to the bot¬ 
tom. 

c Marine acid likewife diflblves iron, and forms an 
incryftallizable compound. 

h The Pruflian acid precipitates iron from its ib- 
ludons in the form of Prulflan blue (208, w). 

1 Galls and other aftringent vegetables preci¬ 
pitate iron from its folution in the form of a deep 
blue or purple fecula, of fo intenfe a colour as to 
appear black. The inflation of galls, and alfo the 
Pruflian alkali, are tefts of foe prefence of iron 
by virtue of foe precipitates they throw down. 
Acids diflolve the ‘black precipitate cauftd by 
x galls: alkalis convert it 'into a brown' ochre. A 

' ' good 
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good and durable black ink jo ay be made by the 
following directions: To two .pints of water add 
three ounces of the dark coloured rough ikinned 
Aleppo galls in grofs powder, and of rafped log¬ 
wood, green vitriol, and gum arabic, each an ounce. 
This mixture is to be put into a convenient veiled, 
and well ihaken four or five times a day, for ten or 
twelve days, at the end of which time it will be fit 
for ufe; though it will improve by remaining 
longer on the ingredients. V inegar inftead of water 
makes a deeper coloured ink ; but its aftion on 
pens foon Ipoils -them. 

Iron has a ftrong attraction to fulphur. If a l 
bar of iron be ftrongly ignited and a roll of ful- 
phur be applied to the heated end, it will combine 
with the iron and form a more fufible mats, which 
will drop down. A veil'd of water ought to be 
placed beneath, for the purpole of receiving and 
extinguiihing it, as the fumes would otherwife be 
inconvenient to the operator. 

If a mixture of five or fix pounds of filings of &r 
iron be moiftened with a fufficient quantity of 
water to form a pafte, it will in a certain time - 
fwell, become hot, melt, fume, and even take 
fire.* The refiduum furnifhes martial vitriol. This 
procefs is fimilar to the decompofition of the mar¬ 
tial pyrites (171, dj 150, Ts 124, n). The water 
feems to be neccilary to enable the acid to aft on 
the iron. 

Iron may be,allayed with.all metals, except lead v 
and mercury. % A coating of tin defends it fiom 

railing 
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*#iog fay 4 h *#*0 tbt other falvcots, 

*?4 »® tquch* , * * r 

o , Tin is a m& of .a^cUawiih wlfite Qatar,* not 
fobje<3; to f^, though fis (craped of palatal 
furfof* Toon tofcl <ks brigkocfi. It w not quite 

foidfr «U k*fk has not much Jeoecky, and is the 
heavy of, any of tb* i»tirc met*!*. Under 
the hamipejp it is, heat into leaves of about the 
thou&ndth part of an inch in thicknefi, and might 
eafily he* beaten to fcfs than half that tfiickneis, 
If the purposes of trade required it. Long be. 
fore ignition, it melts at about the 410th degree 
of Fahrenheit's thermometer, cud by continuance 
of the heat, (lowly calcines into a white powder. 
Tin, like lead, is brittle when heated almoft to 
Jjjlfion, and being broken by the blow of a ham. 
W. exhibit a grained or fibrous texture. It may 
a]fQ be granulated by agitation, at the time of 
it$,pacing from a &wd to a folid ftate (247, k). 
'Its calx refills fofion more than that of any other 
a$£fk ftpd .from tha( property it is ufefifi to fqrm 

white Wnek when mixed with, pure 
gUfs in fufion* > , •* , 

\ tf 7 he large# quantities of tin are found in the 
cfuniy o( <9tW»^^«n England, It is alfo found 
iq &U|Q»y> end the penfofula of Malacca 

in,the £#ft Jty$*s*, but mnply in any other com*. 
oaea fa itiUMfeM^twadiiat AD43a» the cJnraci of 

^k*m **N*d y G sdn .» Wom ttet with.. fc The 
ore* of tin are almoft always calces of that metal 
la a cryfiailized form, feWsfod commonly in a fiii- 
7 ccaus 
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ceou# matrix. fucb ate the w£fce*tin 'lpaf, the 
opftke brown or black wk, die |Kmef ore, which 
abounds with iron, and die tin front. Thefe are 
all much heavier than any unmcullic fubftahce. 
Tin has been found in Siberia, united with fdlphur. 

Tin oaes, whan impure, are deanfed from he- q_ 
terogeneod* parades by pounding and walhing 
(cap, t). A flight previous roafting renders 
the ftony admixtures more friable; and when 
arfenic is contained in the matrix, it is driven off 
by a ftrong heat, continued for a Ihort time, the 
ore being frequently flirted to prevent its fofion. 

In the fmeiting, care is taken to add a larger quan¬ 
tity of charcoal tbaif is commonly ufed in other 
fofions i and, to avoid a greater heat than is ne- 
ceffary to reduce the ore, in order that the loif 
of metal, which would othCrwift: happen by cal¬ 
cination, may be prevented as much as poffible. 

' Concentrated vitriolic acid diflbhres tin in a boil- x. 
Sng heat. During- the foludon, vitriolic acid air 
efcapes, and fulphur is formed in dark coloured 
particles, which are laid to fablime in their pro¬ 
per form * in the neck of foe retort. 

Nitrous add 1 ads very powerfully on tin. To s 
obtain a perfect foludon, the metal muft be added 
a very little at a time, and all heat avoided * 
for if much tin be put in at once, foe cor- 
rofimt takes place wkh great rapidity and focal, 
and foe foetal Mis to the bottom in the foftn of 

* Nwnajnj. 
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a white, cab* infofobfc ^acida {»33* O^and of 
difficult ncdo£ion» ■ Thcjalt, formed by the union 
of tin with the nitrous acid, hums and fparkles-ip 
a red heat. f 

t If cafftals -of cupneoijs nitre (ay a, z) be grofly 
puimize^ tnoiftened, and colled up in tin-foil, the 
(alt dcbqudces, and the nitrous add begins to aft 
on the tin with heat* nitrous fumes are emitted, 
the cupreous nitre takes fire, and burns likewifo 
the newly formed portion of nitrated tin. 

v Marine acid difiolyes tin with the affiftance of 
heat, and affords cryftals by evaporation. If cor- 
rofive fobUmate be added to tin, divided by pre¬ 
vious amalgamation with mercury, the marine acid 
combines with the tin, and comes over by diftil- 
l^non, in the form of a ftrong fmoking liquid, 
which, if diluted with water, grows opakc, ap} 
depofits calx tin. 

v Aqua regia difblves tin direttjy, and when 
loaded, with that metal, has a gelatinous appear¬ 
ance. This Solution 1$ ufed by dyers for heighten¬ 


ing the colours of cochineal, gum-lac, and fome 
other red tinftures, from i crimfon to a bright 
leaflet, t in the dyfog of woolens, ' 

,„ opmbi tjSfi v^th folphur by fofion, and fom^ 




colled f^bftanqe m obtained^ whid 

,M con&i 






with the marine, add of die fid-ammoni«U5 ; arid iets 

its ^Jadtealtodi"dBJ trige- : 

diet Vtith the fulphur-in the form of 

art fiep&^Tiiefcarifttfh Wes% formation, and 
is 7 found adhering V^lideTbf tHe vdflfel. The 
thefdify, which was only ^adMed' to diridethe till, 
combines withpartof the fiilphbr, arid forms cinha- 
bar, which alfb fublimes. ' Afid the remaining ful- * 
phur, ; with die' remaining ririi forint die arirdm 
mufiTum, which' occupies' the lower part of the 
vdlfcl. It is ufed as ipigfoent. 

Tin unites with 5 aB die metals. Clean iton ^ 
plates, dipped in melted tin, become' Covered with 
a; thin coating Of that metal, and form a Very 
ufcful material for making wholefomt kitchert utJeh- 
fils, and ' other articles. In f&rfarttririg dris tmfi- 
nefs it is found neceflary, either to* dip die dean 
iron previoufly lna rotation of lal-afnmoniac, or 
to icpep’thfe ^iiftoe bf die tin cowered with.&t 
and pitch, in chief thlt the ’ appofidon of die two 
metals may not be pfeirerite^^by the calces that 
tbc cdHeS^t df /aii- migHtfoVta foi&ces 4 . 

or-i* 

nn»t»d c in&&'’wjwfe Wtf & j 

*<&>- 

*■ . 
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other metallic bodies, as jhe .experience of the 
workman has Jthewn to be mod: conducive to the 
improvement of its hardnefs and colour. The in¬ 
ferior forts of pewter contain much lead, have a 
bluifh colour, and fire foft. 

a Ufcfyl compounds are made with tin, and a 
large proportion of copper (254, m). 


C fl A P. XIX. 

OF THE Sfc MI-METALS, BISMUTH, NICKEL, REGU- 
LUS OP ARSENIC, COBALT, ZINK, REGULUS OF 
ANTIMONY, OF MANGANESE, OF WOLFRAM, AND 
OF MOLYBDENA. 

a Bismuth is a yellowifh or reddilh white femi- 
metal, little fubje£t to change in the air. It is 
fomewhat harder than lead, and fcarcely, if at all, 
malleable, being eafily broken, and even reduced 
to powder by the hammer. The internal face, 
when %i$ken, appears compofed of large fhining 
plates, difpofed in a variety of positions. It melts 
at the 460th degree of Fahrenheit. Thin pieces 
are confiderably (bnorom. 

t iftiis femi-tnctaT is often found native. Its ores 
are either caleiform or folphumrus. 

d Blfmuth is fcarcely fallible in vitriolic acid, 
and ttiti lets in die marine. Nitrons acid, of aqua 
regia, diffolvcs it. The addition xsf -pMt water 

precipitates 
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precipitates its calx, and is the criterion by which 
bifmuth is diftinguilhed and purified from all odier 
metals. This white calx, called magiftery of bif¬ 
muth, or Spanilh white, is ufed as a paint for the 
complexion, which however it gradually impairs. 

Moll metallic matters unite with bifmuth, and s 
are rendered more fufible by the* addition. It is 
ufed in making pewter, printers types, lblder, &c. 
The great fufibility of the mixture of bifmuth, 
tin, and lead (232, c), renders it of ule in mak¬ 
ing collars for the aides of fome mechanical inftru- 
ments to run in. 

4 

Nickel is a femi-metal of a reddilh white co- * 
lour, of great hardnefs, fcarcely yielding to the 
file, and of an uniform texture. It is very diffi¬ 
cult to purify it, and is fuppofed, even when as 
pure as it has hitherto been obtained, to contain 
iron, as it is magnetical. It is malleable, and 
fcarcely more fufible than pure iron. 

The vitriolic and marine acids do not eafily at- o 
tack this femi-metal. The nitrous acid and.aqua 
regia difiolve it readily. Its fojutions are deep 
green. 

Regulus of arfcnic is of a bright ycllowilh h 
white colour, fubjedt to tarnifh, and become black 
by e^pofure co air: very brittle, and of a lamel¬ 
lar texture. By heat it fiiblimes partly in the 
form of cabc,^nd partly unaltered. The fumes 
have an ofienfi^ findl, refcmbling garlick, and are 
fai 4 to be dangerous. 

T 3 Th* 
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x The arfe nic met with in commerce is brought 
chiefly from the ddbftfc works in Saxony, for mak¬ 
ing zaffre and fmalt. The arfenic contained in¬ 
great quantity in cobalt ores, is driven off by 
long torrefa&tan. Thefe fumes pafs into and ad¬ 
here to the fideS l of a very long chimney, coi>- 
ftru&ed for that purpofe. Arfenic is a calx of the 
regulus/ and contains no fixed air. It is fb far in 
a feline ftate as to be foluble in eighty times its 
weight of water. 

k. The rogulus is obtained from this calx, either 
by quickly fufing it together with twice its weight 
of foft foap and an equal quantity of mineral alkali, 
pouring it out, whe,' iiifed, into an hot iron conej 
or by nii- *ng ir, in powder, wi*’* oil, and diftilling 
the whole gradually to d>yneK The regulus 
fublimes towards the ein. This procefe is too 
often five to be made but in the open air. 

White arfenic previoufly divided by foludon in 
boding marine acid, is fo far crlcined by repeatedly 
pouring nitrous acid on it, and dialling it off, and 
at laft -ailing the heat to ignition, that it becomes 
an acid, in the form of a Concrete white mafs, very 
foluble in water, and pofieGing peculiar properties. 
This is the arfentcal ac|d. 

m The actuated marine acid- (fpi, s, t) likewife 
affords yifel air to the irfentcal cabs, and produces 
fhe arfenical'acia *. 

* Tfcefe fftuetos •Mfcupjtfy definite* w CMwfcal 

tomtom , 

The 
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„ .The vitriolic acid difiblvesthc regulus of* 
arfenic by boiling., The marine acid and aqua 
rqgia alfo diffolve it by teat. Nitrous acid calcines 

U(*7*> 

Arieaic in any form is aftrong poifon., o 

Cobalt i& a femi-metal of a bluifh grey colour, p 
of confiuerabic hardnefs, and very brittle. When 
well purified it is nearly as infufible as iron. Its 
ores are either caicifomv or it is mineralized with 
the vitriolic or arfenical acid. They madly abound 
with arienic, and contain bifmuth, iron, or other 
metallic matters. 

Thefe ores have not been found in plenty, or q„, 
at lead: worked to advantage, except in Saxony. 
They are valued for the beautiful blue they impart 
to glafe, and are maoufa f curea on the ipot into 
zaffre and fmalt, The comifts of the calx of 
cobalt fimply mixed with pulverized flints, moiften- 
ed and prefTed ; ato calks. The latter is the fame- 
calx fufed into gl?fs with vitrifiable earth and 
alkali; and reduced to a fine powder, by quenching 
in water and levitation, or rolling in a mill. 

Cobalt is eafily foluble in the nitrous acid or in k 

* 

aqua regi^ to which it imparts a red colour* 
The vitriolic acid fcarcely adb op it, unkfs boiling 
and highly concentrated. The marine acid has no ,. 
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the air, harder than either lead or tin, malleable in 
a*emind 4 £K£ andiamiaable, and fb toygh that, a 
ihin piece may be bent feveral times backward and 
: 1 T 4 . forward 
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forward before‘its brutes.- 1 It*frk<&tfrc exhibits fljin- 
irig.&cets.j Some (hoe before ignition it melts; when 
, ignited it become* covered with a white calx, 'and 
on the heat being raifed and the furface of the 
metal uncovered, it burns with a very bright 
flame* #£ the iazne time that part of the calces are 
driven up in the form of a white fmoke, which floats 
in the air. ' 

t The ore- of zink, are cither calces, as the zink- 
fpar, and calamine; or mineralized with fulphur, as 
in pfcudo-galena or black jack, and blends of vari¬ 
ous colours. The fulphvcous ores require torrefac¬ 
tion. Zink is obtained ft orn its ores by diflillation 
with charcoal, in clofrd v-JTJs in a reverberatory 
furnace, their conffc udlion being peculiarly adapted 
to preferve this volatile and inflammable metal from 
being difflpated or calcined, 
u Zink is readily diilolved in acids. White vitriol 
(179* v) is the only faiinc comb 1 nation of this me¬ 
tal found in commerce. 

v Sulphur has po afaon on this kmi-metal: whence 

it is eafily purified, by l uining fulphur on its fur- 
face when in fofton. Thefe two fubftances are unit¬ 
ed in ores by the medium of iron, 
w Zink is chiefly ufed in making brafs and other 
mewhic mixtures of the like nature <253, k, l,). 
It is ld^ewifo.uled a* a-folder, &iown by, the name 

offpelter.j ♦ v *,<; r . 

x , Reguius of ^mifliony is o£ & filvopy while* not 
fobjeft to tuft* vwy brittle, and of* fcaly ar plaoed 
.(texture. It melts foon after ignition, and hy a 

continuance 



aiw*;: '/umtfofetf. 



cogdnuanceof riles 

in the for® of white fmwc*. £y a more moderate , 
best itis converted into * grey cakyfufibleintoa 
kind of glads. .■ a,' l-i 

The .mod common ore of this femi-metal is the r 


fubftance called antimony. It contains fulphur in 

# 

combination with the regulus, is of a. dark bhrifh 
metallic colour, and its frafture refembles long 
fhining needles. The regulus may be obtained by 
torrefadinn, by which the fulphur is driven o*, and 
fubfequent iufion with inflammable matters. In 
the fmall way, four parrs of antimony with three 
parts of tartar and one and a half of nitre are thrown 
a little at a time into a red hot crucible, and the 
heat railed a: the ei d lb as to fule the mafs. The 
detonation confumes much of the fulphur, and the 
coaly matter of the .rtar revives a confiderable part 
of the regulus which is found at the bottom of the 
crucible. Or antimony may be thrown on half 
its weight of fmall pieces of iron or nails, firfc 
made white hot in a crucible, and the heat being 
fuddenly raifed, after having covered the crucible, 
the mafs melts, regulus of antimony being at the 
bottom, and the iron combined with the fulphur at 
the top. -.‘ •* ! v- 

11t * 


, The /mineral acids diffolve regulus of antimony z 
difficultly.^ The maritte add has very little 
on it; but it is fohible in a confiderable degree'ih 
aa aqua rc^i, oonfifting af fcVcn parts nitrous and 
one marine ad& or hr- «< mixture of the vitriolic 

> - j ■ and 
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and marine, or even* of the vitriolic and' nttfbus 
acids* 

a Much labour has been beftowed on fhis fetni- 
metal by the alchemifts. It furnifftes fome very 
powerful remedies-, but its medical preparations 
require the grc afc eft care and attention a becaufe 
variations apparently of fmall importance in ther 
proceffcs are fuflictent to render its effects uncer¬ 
tain, and even highly dangerous. 

a Regulus of antimony is uled in various metallic 
mixtures, for printing types, fpeculums, &c. 

c The regUlus of manganeie is a femi-metal of a 
dufky white colour when newly broken, which 
grows brown by fpontaneous calcination on expofurc 
to the air. It appears to be lefs fijfible than iron, 
the larger pieces being fcarcely ever globular. It 
is Very hard and brittle, and becomes ipontaneoufly 
calcined in the air, fo as to fall fometinics into a 
brownifh black powder, heavier than the regulus; 
a circumftance which does riot happen when it is 
inciolcd in a dry, well corked bottle. "Its powder i$ 
magnetic. 

d Manganeie is the calx of this femi-metal. Its 
colour is either white, blue, green, yellow, red, 
brown, or black, according tb its left or greater 
calcination, arid die nature of the fubftanfies it may 
be- contaminated with, of which* cals of iron is the 
chief The brown or black e«flx is ibo much cal¬ 
cined to be falubie in acids,’and has lefs attraction fdt 
vital- air than any other fobftanec except nitrous, 

acid. * « 4 

6 If 



■I 





. be mcked on * t 

piece of charcoal, by means of the blow pipe, an4 
a iihall portion of- the black calx of mangancfir.be 
added, sugfcikwiU be formed of a. bluilh red, or 
if the proportion oftnangandc be, greater, of a fu& 
red. The tinge will however tptaUy tiifcppcar if 


the fufion be continued with the, interior,. or well 
defined apex of the flame. The brown or exterior 


part of the flame reftorcs the colour. . : And this 
may be, repeatedly done. , The fmallefl: particle of - 
nitre added to the clear glafs iaflantly reftores the 
red colour: but vitriolic falls contribute to dif- . 

i 4 ' »' 

charge it, as do hkewife metallic calces, though 
thefe communicate each a tinge .peculiar to it-* 


felf. \< ■ ' ■ 

The explanation of thefe fa&s appears to be this: r 
the proper tinge communicated to glals by calx of 
manganefe, when highly calcined, is red, but man- 
ganefe with-a lefs proportion of vital air is cokmrlefs. 
The fufion by the interiqf apex may be eonfidered 
as a fufion in a clofe vefiel, becaufe the furrounding 
flame defends the globule from the contact of the 
air on the greater pait of its forface. The reduc¬ 
tion effe&ed Jby the charcoal is therefore permanent, 
and produces the ef%& of rendering the globule 
transparent.. But when the exterior game is ufed, 
thisis not the cafe i for the circumambient air, touchr 
ing the glpbule in a much huger part of its furface, 
combines wkb it more fpcedily and in a greater 
quantity, than the final! furfece of contadfc between 


the globule and the charcoal is capable of abforbing. 

The 



I 


s$*> 

tmmsk sTIieimtraus aqd in 
p#^e*lp9K»t «bfo. pmpgancfe. Vitrk&c felts are 

awirb^^ ft%buTcou*. byeontaa of 
: 4fa^«t*ni& vital air., Metallic 
^cssj-^-^cft by-^/jcpaiy matte# they often coo- 
!#*>;**>tey ietesr® nature, jut more difpofcdto 
jpcrfedl combpftion than the calx of-mangaoefe, and 
therefore (Jeftjpy. $hc .red cok*tyv That thefe changes 
4o noc depend,, on ‘the .greater fefs quantity of 
cpqjihiiftible ’Batter that jnay be; fuppofcd tp be 
Impacted by the interipr or ,e?t«ior . apices of the 
flame, is clear, fromithe changes pot taking place 
whfn. the.glohitie refts,op. a fuppqrt of puregold 
br'fdyer,.^ w . •■* • .... 

«, The fame phenoraeaa with fnaqll variation take 
place ip Qth$r guiles, • Hence a principal ufe of 
inapganefe is. made, by the glafs makers, in clearing 
tfyeij-glais from thegrpentinge imparted to it by 

* #<■ «?^n*/rpqa.w^ph they csuwu&wfjjiv Efficient 
jfc2&.fePS th ?.Thegreenpq- 
m> *$? s fr^.^on W; Mcjeptly^alckicdi man- 
ganefe being therefore added in a certain dofe, affords 

- rnsjlhk -» «*W$“ c .9*9 ur ! e fi. 
*B? M «h“ »M «w» 

of whichis thought % 

■ i.s#^v^ : w buft iwi*® 

meet. ; If half a pound of this be dried before a 

fire. 




and aftcrwa&s Offered 

hour,' and then two oiiftfce&leff lihfedT dlltegrisdu- 
alty* poured on itand lbofcfy mixed; in fomeWhat 
more than half air hourtbe mixture Wilt growgradudly 
hot, and at lift burftinto a flatneV This effed iferitfc 
lo be analogous to dieinflammatiah of Oils bytri- 
trous acid (188,0). ' . •. rj 

The vitriolic acid attacks the regulus of manga- 1 
nefe, and extricates inflammable air. : A fpongy 
fubftance, of the fame figure as the regulus, however 
remains, which is probably an impOricy. Alkalfc 
precipitate a white calx foluble in acids. 

The black calx when weft calcined is fparingly a 
taken up by the vitriolic add, and this portion Teems 
to be that which had not been well calcined; for the 
remainder altogether reje&s the acid. That this calx 

is irifoluble (a 33 » 0 {rom an ° vcrdofe v5tai 
air, is rendered clear,.by adding fugar, honey, or 

any combuffible fubftance, as by that means the 

folution is promoted and completed. The ffl^tsds, 

not excepting even gold itfelf, produce the feme 

efieft. 

' The nitrous add dilTolves regulus of rriajlganefe 'l 
with effervefcence, occafioned by the produ&ion of 
nitrous air. ■ A fmali refidue is left. This add adfc' 

very fparingly on tHdrblaek cabt. 

THt marine add difiblves the regulus and alfo m 
the White calx: tt ItkcWife takes up the black calx, 
Which c^ihMdates to red colour,' andtakS 
oris moth Vital'ait to the hdd as is neCeMry td 

... * * . 1 • » i *' . 1 
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its folutioil* The aerated part flies off in yellow 
- vapours, fraelling like aqua regia (191, s). 
n Regulus of wolfram * is a brittle femirmctal of 
a fteel colour. Its fpecific gravity exceeds that of 
every other body in nature, except platina and gold 
(17, w) » and it has not been fufed into any mats 
of confiderable magnitude, being more refaftory 
than manganefr. 

o The ores of this femi-metal are the tungften, a 
ponderous fubftance of a grey colour and lamellar < 
texture, containing the metallic calx, or acid united 
r to abput its own weight of calcareous earth: and 
wolfram, a mineral of a {till greater {pecific gravity, 
of a brownifh black, always opake, internally fhin- 
ing, almoft like a metal, and of a cryftallizcd form. 
This laft is only found in tin mines, and contains 
about two thirds calx of wolfram, together with the 
black calx of manganefe and calx of iron. 

If pounded wolfram or tungften be digefted in the 
marine add, the manganefe and iron of the former, 
or the calcareous earth of the latter, will be taken up 
in part, or extrafled from the external parts of the 
molecules. The refiduum, after edulcoration with 
water, being digefted with volatile alkali, the wol¬ 
fram calx, or add, will be taken up in part, 
or autraded from the furfacc. The refidutf, after 
edulcoration, will be again adecl upon by the ma- 

* tie dlfcdvenJM of Seheele, Bergmeh, tad the De Loyarts, 
art to he bond b «« A Cheated Analytic of Welftash” 
Printed in London in the year ip8j. 

line 



TWrtW' ;**7 

tine add. which feizes another lira turn of parch* 

• . S * i ,S i ' • • >VW J ll r * * ' 

cles that were in the former digeftion defended 
fron? its aftion by the wolfram calx, which^ the 
digeftion in volatile alkali has removed. Vola¬ 
tile alkali being again applied, and the alternation 
continued for many vidffitudes, the' mineral becomes 
almoft entirely diflblved ; die portions of acid con- 
tun either the calces of manganefe and iron, or cal- 

* v 

careous earth, according to the mineral made ule of; 

» • \ v 11 , ■’ * 
and the volatile alkali contains the acid of wolfram. 

% • f * 1 , * • 

The addition of nitrous acid to this laft precipitates 

a fait, confifting of the calx of wolfram, volatile 

* % 

alkali, and nitrous add. This laic is foluble in at 

>■ 1 

water, though fparingly, and has acid properties*. 
The firll difeoverers, Scheele and Bergman, called 
it acid of tungften! t 

Fulion of the ore with vegetable alkali, with s 
foludon in diftilled water, will afford a folutian of 
the calx of wolfram in the alkali This being 

■* s ' ' 

evaporated to drynels, may be deprived of the 

- « i r \ ' ' 

alkali by boiling with nitrous acid, and decanta- 
- tibn, for two or more times. The adhering acid 

may be driven off by cakihatibn, and leaves the 

*■ / » . * % • 

pure calx of a brimftone s yellow. The fame calx 
is alfo obtained by calcining the precipitate 
(a8b, r) from volatile alkali, die nitrous acid and 
the’allcstU being driyen bff.; 

Thepure ealx ii not Soluble in water, but t 
m^kes^ by . trituration, at); ermikion of fufisdent 
fubtlety ,to. pafs ,tbe filtre, and which does not en¬ 
tirely fubfide in three months. It has not this 

effeifc 


\ V* 
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effect with the vitriolic, nitrous, and marine acids.' 
It is completely foluble in cauftic vegetable al¬ 
ii kali, by the moift as well as the dry way. A Ab¬ 
lution in water, and alfo in volatile alkali, of the 
precipitate by nitrous acid, from the volatile al¬ 
kali being added to lime-water, regenerates tung- 
ften, the acid and alkali being found in the fuper- 
fiuent liquor. 

v From the ftrong difpofition of the calx of wol¬ 
fram to unite with alkalis and with calcareous 
earth, and its infolubility in acids, it may properly 
be confidered as a metallic acid, though it may 
not pofiefs enough of vital air to exhibit all the 
ufual properties. 

v By treatment in a crucible wi^h charcoal, with 
a ftrong Heat, the calx of wolfram is revived into 
a regulus, being a brown ntais, con filling of a con¬ 
geries of metallic globules, with a lofs of two fifths 
of its weight. Calcination turns it yellow as before, 
and its weight becomes augmented about one 
fourth. 

w This rqgulus is infoluble in the vitriolic and 
marine acids. The nitrous acid, and aqua regia, 
■ dephlogifticate it, and convert it into the yellow 
calx (g8o, s). It mixes with other mends, and 
forms peculiar alloys. Its calces tinge glafs. 
x Molybdena is a mineral fubftance, refembling 
plumbago, but its laminae are larger, brighter, 
and in feme degree flexible, fo as to be very dif¬ 
ficultly reduced to powder. In an open fire it is 
almoft entirely volatile. It is composed of iul- 

phur 
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phur combined with a metafile acid. No acids 
act on it but the arfenical and nitrous. The firft 
combines with its fulpfrur* and forms orpiment: 
the larrcr, five times- diftified from it* communi¬ 
cate :» vital air, and forms the rnolybdenous and 
vitroiic acids. This laft acid may be wafhed off 
with water, which at the fame time carries off a 
portion of the acid of molybdena. ' 

This acid is in a white dry form, very fparingly v 
foluble in water. It has all the general proper¬ 
ties of acids, and others peculiar to itlelfl It is 
precipitable from its folntion in water by Fruflian 
alkali, and by gnlls. Diftilled with three times 
its weight of fuipuur, it again produces molyb¬ 
dena. 

It has been reduced into a metallic form* * 


CHAP. XX. 

» 

♦ 

CONCERNING PYROPHORIJ THE PHOSPHORUS OF 
BOLOGNA, OF BALDWIN, AND OF t CANtONj OILS, 
ARDENT SPIRIT, AND ETHER. 

* 

There are many compofitions that take fire on c 

r 

expofure to relpirable air. They arc called pyro- 
phori. One of the beft is thus made. ’Two 
parts of burned alum, or alum kept in a red heat 
till it has ceafed to expand and fwell; one part of 
charcoal^ • and one part of vegetable fixed alkali 
•being mixed in powder, are no be lightly prefled 
Vox.. II. XJ into 
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into the bowl of a tobacco-pipe, or a fmall cru¬ 
cible, fo as to fill it about half or three fourths; 
the remaining fpace is to be filled with fine writing 
fand, for the purpofe pf preventing the immediate 
accefs of air. This veflel being placed in a good 
fire, the fand is agitated for a few minutes by the 
efcape of elaftic fluid, and loon afterwards a blue 
flame is feen to ifiiie from the mafs, which con¬ 
tinues about a quarter of an hour. The red heat 
being continued for twenty minutes or longer, after 
this appearance has ceafed, the vefiel may be taken 
out of the fire, and when it is perfectly cool, the pyro- 
phorus may be knocked out, and muff be immediate¬ 
ly put into a well doled phial. A piece of this ex- 
pofed to the air for a fliort time, becomes ignited, 
with fome flight appearances of deflagration, and an 

d hepatic fmell. The particular or immediate caufe 

of the accenfion of pyrophori has not been well ex- 

^ 1 1 

plained. It feems as if the combuftible fubftance 
made ufe of, enters into the compofition of an 
hepar, in which the connection of the inflammable 
matter is io flight, that it can unite with pure air 
with fufficient rapidity to produce ignition and com- 
buftion (125, n ). 

s It is a very general property of bodies, after 
expofure for a fhort time to light, to emit it again 
for fome time after it ccafes to fall upon them, 
as is eafily proved by receiving them in a darkened 
room. Metals and water have not this property *, 

neither do or$s, vitriols, or oil, poflefs it in any 

* 

• Ppicttly** Optic's, p. 369, 


co.nfiderable 
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Confiderable degree. Other bodies poflefs it in 
various degrees. Heat caufes the light to be 
emitted more quickly, and confequently with 

greater intenfity while it lads, but the luminous 

# 

appearance does not take place at all by mere 
heat without previous expofure to light. It is t 
laid, that coloured light is emitted again of the 
fame colour. Among fubftances that pofle/s 
this property in a remarkable degree, the chief 
are vitriolated ponderous earth, or ponderous 
Ipar, previoufly igriited among charcoal j called 
the Bolognian phofphorus: nitrated calcareous 
earth, after ignition j called Baldwin’s phofpho¬ 
rus ; and calcareous earth ignited with fulphur. 
This lad is called Canton’s phofphorus, and is 
thus made. Calcine oyftcr-fhells, by keeping o 
them in a good fire for half an hour or more, 
and let the whited part be pulverized and lifted. 
With three parts of this powder mix one part of 
flowers -of fulphur. Let the mixture be rammed 
into a crucible of about one inch and a half in 
depth, till it be almofl full, and let it be placed 
in the middle of the fire, where it mud be kept 
red hot for one hour at lead, and then fee by to 
cool. When it is cold, turn it out, and cutting 
it into pieces, ferape off or feledt upon trial the 
brighted parts, which, if good, will be a white 
powder, and may be preferved in a dry phial 
with a ground dopper. Expofure for a few fe- 

conds to the light of the day, will caufe ir to fhine 

* 

in the dark; or it m.jy be rendered luminous by ' 

‘ an eledtric explofion made *near it. 

XJ 2 Oils 
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h Oils are liquids, in general lefs fluid than water, 
and remarkably lefs fonorous when poured out. 
When heated lb as to fume, they are eafily fer on 
fire, and bum with a luminous flame. If the 
combuftion be not managed fo that refpirable air 
may have fufficient accefs to all parts of the flame, 
much ftnoke is produced. They leave a coal be¬ 
hind. 

1 In the combuftion of oil, for the ceconomicdl 
purpofe of giving light, a wick is made ufe of, 
confiding of vegetable fibres, ufually cotton. 
Thefe being dipped in the oil, one end of the wick 
is made to protrude, and is fet on fire. The ca¬ 
pillary attraction (1, 46, w) fupplies more oil, 
accordingly as that in the heated part of the wick 
is carried off by the rarefaction and combuftion. 
If the wick be too large, the internal part of the 
flame will want airj if it be too long, more oil 
will iflue out of its pores in vapor than can be 
completely burned. In either cafe fmoke will be 
produced. But by a due attention to the figure 
and magnitude of the wick and the fupply of 
air, a bright flame may be produced without 
fmoke. This is done in the excellent lamp of 
Argand, 

/ v 

k Oils are diftinguilhed into the unguinous and ef- 
fential. The. former are infipid, and without 
fmeil, not foluble in ardent fpirit, nor volatile in 
the heat of boiling water. Acid of fugar has 
been obtained from them. The latter have a 
ftrong fmeil and tafte,' are foluble in ardent fpirit, 
and volatile in the heat of boiling water. Animal 

fats 
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lats refemble unguinous oils, excepting the oil 
obtained by diftillation from the gelatinous fub- 
ftahee of animals. This may be brought to re¬ 
femble ether by repeated diftillations. Refins arc 
of the nature of rficutial oils. 

Spirit of wine, or ardent fpirit, is obtained by l 
diftillation from fubftances that have undergone 
the vinous fermentation (212, f, h), and are not 
arrived at the acetous. When well concentrated, 
it is very volatile and fluid, has never yet been con¬ 
gealed, mixes with water in all proportions, and 
with an affinity fufficiently powerful to take it 
from moft faline fubftances; h.ghly inflammable, 
fo ’.s to burn without a wick, even when cold, and 
produces neither foot nor coal. Its flame is bluiffi, 
and not very luminous. 

Ardent fp : rit unites with acids, and renders u 
them miidrr than can be fuppofed to arife from 
mere dilution. 

If vitriolic acid be added to fpirit of wine, and o 
the mixture fubmirted to diftillation, the products 
are firft a very pure fpirit of wine, next a liquor 
called vitriolic ether, and, laftly, an oil. In this 
procefs it appears, that the a&ion or combination 
of the acid is capable of convening the fpirit into 
oil, and that ether is an intermediate fubftance be¬ 
tween Ipirit and oiL 

Ether is foluble in ten times its weight of water, p 
It is extremely light (18, w), and fo volatile, 

as to convert water into ice in a warm room, if 

* 

the water be included in a fmall bottle, or tube, 

U 3 ponftanrly 
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conftandy vetted on the outfide with this fluid 
(123, k). It is highly inflammable, burning with 
a white luminous flame, and fome appearance of 

a 

foot, but leaves no coal. 

Ethers may be made with other acids as well as 
the vitriolic. 

• • , a a 
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BOOK III. 

SECTION II. 

Of Magnetifm. 


C H A P. I. 

CONCERNING MAGNETISM; THE METHODS OF 

COMMUNICATING IT, AND THE VARIATION 

OF THE COMPASS. 

* 

T hat remarkable property which iron pofleffes, a 
of becoming magnetical, feems to iland alone 
among natural phenomena. It is (he only inftance 
of permanent attraction which is fufficiently ftrong 
to become the object of vulgar attention; and 
philofophers obferve its effeCts with furprize and 
admiration; while the moft cautious and rational 
are obliged to confefs that the caufe is entirely 
unknown. 

A ftrait bar of iron, which in the northern b 
parts of the world has flood a long time in a ver¬ 
tical pofition, is found to have acquired the pro¬ 
perty of attracting other iron at its extremities; 
and, if fupported in a veflel, fo as to float at li¬ 
berty upon water, conforms itfelf to a direction 
■ pearly in the plane of the meridian; the end, 

U 4 which' 
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which during its perpendicular fituation was down¬ 
wards, always painting towards the North. This 
bar is faid to be magnetical} and the unknown 
caufe of thcfe and other concomitant effeds is call¬ 
ed magnetifm. 

c Magnetifm may be given to iron, or rather fteel, 
by many methods. The difpofition to conforfa 
to the plane of the meridian is called polarity, and 
is of fuch importance in its application, tnat the 
modern art of navigation could not be pi added 
without it. The mariner's compafs is thus c<>n- 
ftru&ed. A flat thin bar of ftecl, rendered ma^ne- 
tical, is fattened underneath a circular card, di¬ 
vided into points (56, k), fo that'the direction of 
its length may correfpond with the line w s fig. 

1 32/. This bar is perforated in the middle} and 
in the perforation is fixed a brafs cap, hollowed 
out conically, which conl'cqueotly is in the center 
of the card. The card thus provided with a 
magnetical bar, is then fupported horizontally, by 
placing the cavity of the cap on an upright me¬ 
tallic point, and is therefore at liberty to revolve 
into any horizontal pofition. Eut the bar, which 
is ufually termed the needle, conforming itfelf to 
the meridian, .caufes the fleur de lis of the card 
to point to the North: confequertly, the other 
divifions mutt denote the refpediye bearings of 
the points pf the compafs.' This card being thus 
fufpended in a hollow box, *and v defended from 
the wind by a pane of glafs, with the addition of 
a contrivance to prevent the effects of the agita¬ 
tion 



SIGNS or MAGNETISM. 2$7 

jtion of the Ihip, is the mariner's compafs? by 
the help of which, veflels are enabled to fteer 
their courfe with fafety in the darkeft night, and 
at any’diftance from fhore, 

Tn the examination of the magnetifm of various d 
bod’es, as, for example, placina (240, b) or 
'|lickcl, it may be of importance to know the de¬ 
ngues of magnetifm as dilcoveiable by experi¬ 
ment, which are the following. The weakett is 
when a body floating on water flowly follows a 
ibong magnet, held almofl touching it; the next 
is when the magnet can repel as well as attract 
the body; a flill ftronger degree is, when the 
body conforms its pofitton to that of the magnet 
he’d over it? the fi th is, when the body left to 
itfelf alfumes a particular poficion, and returns to 
it when diUurbed? the fixth is when the body, 
taken out oftthe water, and biou^ht near a light 
compaft of^jdle, caufes it to deviate fiom the 
magnetic, 4 feridian. Ail ftronger degrees of mag- 
fietifny*nay be obferved by left delicate methods. 

'jf he ends of a Ample magnetical bar are e 
'‘called its poles? and that pole, which, when 
at liber? y, would point to the Noith is cal¬ 
led the North-pole, and the other is called the 
South-pole. 

Univerfally, in tw® magnetical bodies or mag- f 
nets, an attractive foice obtains between the North- 
pole of one, and the Souch-pole of the other, and 
a rtpulfivc force obtains between poles of the fame 
pa me. But the repulfivc* force which exifts be¬ 
tween 
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tween poles of like names, but unequal power, 
is changed into attraction, when the diftance 
is fufficiently fmall. From thefe criterion^ it ’is 
eafy to determine the names of the poles of a 
magnetical bar, by applying it near the fufpended 
magnet, whofe poles are known. 

If a bar of iron, which is not magnetical, be 
held in a vertical pofition, in North latitude; its 
lower point becomes a North, and its upper a 
Soufh pole; and thefe poles may be reverfed in- 
ftantly, and as often as required, by reverfmg the 
pofition of the ends; for the lower will always be 
North, and the upper South. But a few iVokes 
with a hammer at the upper end, will fix the 
poles in their laft pofition, fo that, after the re- 
verfing it, the hammered end will ftill continue to 
be fouth, though lowed:. Yet, the magnetical 
power is much the greateft when the hammered 
end is uppermoft, and the effeCt of the hammering 
difappears in a few hours. 

A bar of iron being fufpended on an axis, in a 
very nice equilibrium, the North end preponde¬ 
rates when the bar is rendered magnetical, fo that 
it becomes inclined to the horizon, in an angle of 
about feventy degrees in thefe latitudes. This is 
called the dip, and decreafes in places more to the 
fouthward, and even becomes inverted in places 
fituated confidcrably on the other fide of the equa¬ 
tor. The bar thus fufpended is termed the dip¬ 
ping-needle. * * 

M a gnetifm 
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Magnetifm may be given to a bar of iron, by i 
placing it firm in the poficion of the dipping- 
needle, • and rubbing it hard all one way with a 
pclifbrd fteel inftrument. Iron alfo becomes mag¬ 
netical by ignition, and quenching it in water, in 
the poficion of the dipping-needle. 

The touch of a magnet communicates the like k 
virtue to other iron, but the quantity or degree 
which the fame magnet can communicate, de¬ 
pends greatly upon the manner in which the touch' . 
is performed. If two equal, ftrait and uniform 
magnetical bars, with flat ends, be placed to¬ 
gether endwife, the contrary poles touching each 
other, they will form one Angle magnet,. and will 
communicate a ftrong degree of magnetifm to 
another bar by the following procefslet the laft 
mentioned bar be laid in the dire&ion of the 
magnetical meridian, and let the others, each of 
which ought to be at leaft as long as the bar to 
be impregnated, be laid upon it in their conjoined 
ftate, fo that the place of jun&ion may be ov er 
the middle of its length, and their poles in the 
proper direction. Then feparate the two magnets, 
by drawing them afunder along the furface of the 
bar, and continue to feparate them till their ends 
are at a conflderable diftance from its ends. Join 
them again, without altering the fituation of their 
poles, by a circular motion of the hand, fo that 
they may meet at fome diftance above the center 
of the bar, and lay them again upon it as before. 

r 

Repeat 
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Repeat this operation on both tides, of the bar-till 
it has acquired a fufRcient degree of magnetifm. 
The maximum is generally obtained after twelve 
or fourteen ftrokes. 

l A bar of iron receives the touch more ftrongly 
when it is fupported by, or in contaft with, an- 
other much larger; and a combination of magne- 
tical bars will produce a much greater effect than 
a tingle one. Soft fteel acquires the magnetical 
power more readily, but does not preferve it fo 
long as hard fteel. On thele, and other confide- 
ratjons,. experiments have been multiplied, and 
various methods invented, of giving to fteel the 
utmoft degree of magnetifm it is capable of re¬ 
al ceiving. '.For example, fix bars of fteel may be 
rendered flightly magnetical, by affixing each fuc- 
ceffively to a poker, and flroking it fevcral times 

from bottom to top with the lower' end of an old 

* 

pair of tongs j care being taken to keep both the 
poker and tongs in a vertical pofition. For, theft: 
utenfils, by long {landing in a vertical pofition, 
are almoft always pofleffed of a fixed magnetifm; 
the lower ends being North poles. Now, if four 
of the fix bars be united into a thick compound 

t 

bar, the magnetifm of the remaining two may be 
greatly increafed by touching with it, Thefe two 
bars may then be fubftituted in th? room of the 
two Qutcrmoft in the compound bar, which will 
become more powerful by the exchange, and the 
two, which were taken'from the compound bar,, 
may be touched in their turn. Thus, by reiterated 

changes, 
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changes, and,, touching, the bars will at length 
acquire as much magnetifm as they are fufceptible 

m 

of/ and more than they can retain for any long time. 

The force of magnetifm is exerted through all it 
fubftances, iron excepted, and it has not been ob- 
ferved that it fuffers the leaft diminution by the 
interpolation of any foreign matter. Magnetifm 
is deftroyed by ignition; and a heated bar of iron 
is not attracted by the magnet till it is juft upon die 
point of loling its rednefs. 

The loadftone is a ponderous ore of iron, o 
ufually of a dirty black colour, and hard enough 
to emit fparks with fteel. It is found in moft 
parts of the world, and poliefles a natural mag¬ 
netifm, acquired moft probably from its fituation 
or pofition with reipeCt to the earth; This mag¬ 
netifm may be, as it were, concentrated, and 
made to a£t much more ftrongly by covering its 
polar extremities with fteel. The fteel thus ap- . 
plied is termed the armour of the loadftone, and 
requires fome management, as to figure and thick- 
nels, to produce the greateft poflible effedh For¬ 
merly all magnetifm was originally obtained by 
communication from the loadftone, but the power 
of impregnated fteel-bars fo much exceeds that 
of the natpral ftone, that this latter is little efteem- 
ed, except as an objeCfc of curiofity. The mag¬ 
netifm of the loadftone is in all refpe&s fimilar to . 
that of a bar of iron or fteel. 

The attraction of rcpiilfion of two magnets dc- p 
creafes as the diftance increafes, but not according 
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to any ratio of the diftance. On this account 2 
magnetical bar, which is at liberty to afiume any 
horizontal pofition, as, for example, a needle 
floated on water by means of pork, or the needle 
of a mariner's compafs, being brought into the 
vicinity of another .magnet, will afiume fuch a fi¬ 
liation as*fiiall conform to the attractive and re* 
pulfive powers as much as poflible. Thus, if a 
fufpended magnetical needle be brought near an¬ 
other magnet, it will place itfelf in a pofition pa¬ 
rallel to the axis of the magnet, if the poles of 
contrary names in each be mutually equidiftant; 
but if the North pole of the fufpended needle be 
nearer the South pole of the magnet than the two 
other poles are to each other, its North end will 
be mod attracted, and confequently mult incline, 
fo that the axis of the two magnets will form an 
angle greater or lefs, according to circumftances. 
Suppofe now a (mall magnetical bar, fufpended lb 
as to be capable of afliiming any pofition what- 
foever, be placed upon, or near the furface of a 
very large globular magnet. It is evident, in this 
cafe, that the two ends of the fmall bar, being * re- 
fpeCtively attracted by the contrary poles of the 
- globe, will always be found in a plane pafling 
through thofe poles: or in other words, if circles 
or meridians^be fuppofed to be defcribed on the 
globe, intcrfeCling each other in thofe . poles, the 
magnetical bar mud always be in the plane of one 
of them. But its fituation, with regard to the 
lpherical furface, will be governed byexcels of 

attraction 
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attraction in the neareft pole. If the bar be 
fulpended'immediately over the North pole of the 
magnet, it mull Hand perpendicularly, with its 
South end downwards; but if it be gradually re¬ 
moved along the furface, towards the South pole, 
the increafing aCtion of this laft pole will caufe it 
gradually to incline that way. At theiequator it 
will reft parallel to the furface; and in approach¬ 
ing. ftill nearer the laft mentioned pole, its North 
end will incline towards the furface, till at length 
it will ftand perpendicularly over the South pole 
of the great magnet, with its North end down¬ 
wards. For the fake of concifenefs, the poles of 
the great magnet are fuppofed to be equally ftrong; 
which, however, is feldom the cafe. 

This reafoning may be exemplified by placing a r 
fmall piece of fewing-needle on the furface of a 
fpherical magnet or loadftone. Its pofition is 
found to vary according to its fituation with re- 
fpeCt to the poles. For the fame reafons, fteel-’ 
filings, gently dufted through a rag upon a magnet, 
adhere to it in a very curious and amufing man¬ 
ner/ The filings, acquiring magnetifm by the 
contaCl, adhere together, and form a number of 
fmall magnets, which arrange themfclves in con¬ 
formity to the attractions of the poles of the ori¬ 
ginal magnet. 

From obfervations of this nature, it was very a 
early fuppofed, that the globe of the Earth aCts as 
a large magnet, upon all other magnets: whence 
they naturally, tend to conform to the meridian or 

' line 
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T line which jtains ‘;cb* : - pDicsof cheEarth. Anclthtf 

% 

dipping of the needle is readily (hewn to arife front 
the vicinity, arid coatequent ftronger attradhorf of 
the pole ^tOwaSds Whidlthe inclination is made* 
tx The needle d the mariner’s compafi varies from 
the true diredtiomof North and South* The angle 
formed ^between the : magnetical axis of the needle 
and the meridian of a given place is called the va¬ 
riation of ’the coropafs, and differs in different 
places both in quantity and direction of the needle. 
From the phenomena of the variation it is proved, 
that the Magnetic poles of the Earth inuft be more 
in number'tharr two, and that they do not coin¬ 
cide With fhe poles about which the diurnal rota¬ 
tion is performed' 

v The variation of the compais does not continue 
fixed ahd unalterable at'a given place. Thus, at 
the C ape of Good Hope in Africa, near which, at 


its fir it difeovtry by the Portuguefe, there Was no 
variation j the North point of the 'compais, in 
1622, varied abodt a <? v to The* Weftward: in 1675, 
it varied 8 W. in 1700, n°. W. in 1756, 

about iB b . iS Vf. and U **774, about 41 £ 9 . W. 
Regjbt&C,* though diflferent' ■+ mutations have 

. been cfcfeiNTtf'fh afmbft cVfery other place on the 
globed' THe ; iifee^bHHe C&mpSfs is like wife fub- 
jedf trf at ltnaU diu^^ckrt^^|»l 5 ttoft, ahd 
is fome&Tfci die ap~ 

pedran$ 4 

w The 'bbfotftibfts t^ the magnetifm 

i ) ^ ' !k 

of rae Earth have not Been continued longenough 
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to afford a foundation for a good theory. Dr. 
Halley’s hypo the fis, though formed near a cen¬ 
tury -ago, ftill poffefles as great i (hare of pro¬ 
bability as mod that have been offered fince. He 

* 

fuppofes the Earth to confift of two diftinft parts, 
an external (hell* or hollow fphere, and an in¬ 
ternal nucleus or globe) loofe and detached in the 
cavity, having the fame center of gravity with 
the external part. Each of thefe parts he regards 
as a feparate magnet, endued with two poles, 
their magnetical axes not being coincident. A 
compafs-needle on the external furfacd muft there¬ 
fore be afted upon, as if by a magnet wid four 
poles. From the phenomena Iv* determines the 
fituation of the feveral poles, and thus explains 
the variation. But as the variation changes in 
procefs of time at any given place, it follows, 
that thefe poles do not keep the fame pofition 
with rcfpelt to the furface of the Earth, and to 
each other. This movement he accounts for, by 
fuppofmg that the diurnal motion of the Earth 
Was imprefied from without, and that the velocity 
of the internal part, or nucleus, is fomewhat Ids 
than that of the external part, or ihell< Conic- 
qucntly the nucleus muft feem to revolve (lowly 
to the weftward, and its poles muft ddcribe IdTer 
circles about the poles of the Earth. And as the 
relative pofition Of die four magnetical poles to 
each other* and to the poles of the Earth, is 
changed* fb muft Jikcwife the dire&ion of the 
. Vol.II. X needle, 
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M needle, pr the: angle it stakes .with- the meridian, 

be altered. ■ , , . , < 

\ . ' * ■- - • 

y : Thus, .a kind of regularity prevails in the in- 
creafe and decrease of the variation, and alio.the 
direction of the .variation which fhips obferve as 
they fail to various {tarts of the ocean* In the 
Atlantic ocean to the North, and eaftward, and 
aQ over the Indian ocean,' except in the bay of 
Bengal, a wefterly variation obtains ■,. but to the 
weftward of a certain line, at which there is no 
variation, all along the coaft of South America, 
and in the Pacific ocean, as iar as the x 40th de¬ 
gree of weft longitude, an eafterly variation is ob- 

fcrved; and in the whole Pacific ocean befides, 

* . ■» 

the variation is probably to the weft, unlefs it 
may be conjectured that - an eafterly variation 
may be found in the regions to the northward, 
z When die variation changes quickly in running 
upon a parallel, as is the cafe in the Southern At¬ 
lantic, and great part of the Indian ocean, the 
longitude may be determined with a confiderable 
degree of corre&nefs at fea* For the magnetic 
azimuth of the Sun may be eafily obferved in mo- 
derate weather to the certainty of a lefs error than 
ten minutes of a degree; which in the fouthern 
Atlantic ocean anfwers to about twice that quan¬ 
tity in longitude. By comparing the obferved 
v variation with a chart, the longitude may be 
known. The principal impediment in the way of 
this method is, the want of fuch a chart occasion¬ 
ally renewed. 

- » 

r 


The 
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The beft modem opinion concerning the caufc a 
of the change of variation of the compafs is this. 
From the magnetifm of the Earth as well as from 
the prqdudls ejefted by volcanos (227, f), it is 
eftablilhed that vaft quantities of iron exift in the 
bowels of the Earth in various ftates. The fame 
volcanic eruptions, and the phenomena accom¬ 
panying them, likewife (hew that chemical pre¬ 
cedes, on a fcale of prodigious magnitude, are 
continually carried on in thole regions. The fer¬ 
ruginous combinations being varied by thele, it 
mult happen that inunenfe mafles will be either 
more or lels phlogifticated, according to the na¬ 
ture of the proceis by which fuch change is made. * 
Now it is well known that iron and its combina¬ 
tions are more fulceptible of magnetifm the nearer 
the metal approaches to the reguline Hater and 
conlequendy the properties of the whole terreftrial 
magnet muft change accordingly. 
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BOOK 111. 

SECT. IV. 

Concerning Electricity. 


Chap. i. 

* 

or THE ELECTRIC MATTER 4 AND THE METHODS 
AMD APPARATUS FOR MAKING EXPERIMENTS 
•WITH IT. 

a If a tube of glals, an inch and half in diameter 
and about three feet long, be rubbed, by re¬ 
peatedly drawing the hand or a piece of leather 
from pne end to the other, it will become elec¬ 
tric. So that finaU.fralJaes of divergent flame, ra¬ 
mified fame what like trees b$re of leaves, will dart 
into the air, from many parts of the furface of the 
tube, to the di&ance of fix,or eight inches attended 
with, a crackling, $oife» fnd foo^fimes iparks of 
more than a ^out in length will fry along the tube 
to die rubber. , This lpi pi nous matter is called 
electricity,, or the,eje$ric and will fly from 

tb? tube to otljcr bodies brought within a certain 
diftance. 


If 
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IT a homogeneous body be prefented to the ex- a 
cited tube, fo as to receive electricity from it, and 
the* ele^ricity remain at, or near the end or part 
prefented, without being communicated to the reft 
of the body, it is called a non-conduCtor or elec¬ 
tric. But if, on the contrary, die jjrleCtricity be thus c 
communicated to every part, the body is called a 
conductor, or non electric. In. the ufual tempe- d 

1 " » t 

rature of the atmofphere, metallic fubftances, char- 

« 

coal, and water, are conductors; moft other bodies 
are non-conduCtors. 


A conductor cannot be electrified while it com- k 
municates with the earth, either by direct contact 
or by the interpofition of otherconduCtors, beeaufe 
the electricity is immediately conveyed away to 
the earth. But if a conductor be fupported by an f 
eleCtric, fo as not to communicate with the earth, 
it is laid tb be inflated,' 


The greateft quantity bf deftrichy* is bollefted 
on the lurface of a non-conduCtor, when It is nib¬ 
bed by a conducting fubftancc. If the rubber be 
infulated, k wifi 
ib thatfjsarks wtD 
bouring bodies/ 


alfo “be "put into an eleCtric ftate, 
pals between it, and Other neigh- 



If an infulated cohdudor bit electrified, either by h 
friClion, communication, (362, Bjotbtherwhe, it 
wffi be deprived of it's deflric ftatetiy the drawing 
of U fingle Ipafk frorttfcrff part thereof by another 
uninftilated Conductor,' becittfe* STBie ‘ facility 7 iitti 
which the eleCti-ic^ matter ls - cbnveyed through tls 
jfubftance. But non-conduClors, fimilarly tfcaced, 

Xj are 
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arc deprived of their eleCtric ftatc only in the 
vicinity of the place from which the fpark was 
drawn, 

i A mutual attraction is exerted between a body 
in a ftate of eleCtricity, and other non-eleCtrified 
bodies, which laft, if not large and heavy, will fly 
through the air to the electrified body, where they 
remain till they have, by communication, acquired 
the fame ftatc, when they are repelled. If an un- 
infulated conductor be at hand, it will attract 
the fmall body thus electrified, and deprive it of 
its electric ftace. So that it will be again attracted 
by the electrified body, and repelled as before, and 
will continue to pals and repafs between the two 
for many viciflitudes, till the eleCtric ftate is en¬ 
tirely deftroyed. 

K No experiments have yet been made, that (hew 
wherein the difference between eleCfcriCs and non- 
eleftrics confifts) but whatever the conducting 
power may depend on, it feems to be governed by 
the heat of the body: glafs, refin, baked wood, 
air, and many other non conductors, are conduc¬ 
tors when made very hot) and, on the contrary, 
ice cooied to 13® below o, on Fahrenheit’s fcale, 
becomes a non-conduCtor or eleCtric body. 

l There is therefore feme ground to conjecture 
that the difpofition K> coriduCt eleCtricity is pro¬ 
duced in metals by a very low degree of. heat, in 
water by\ greater, and in refins and glafs by de¬ 
grees ft ill greater j or generally that there is a cer¬ 
tain degree of heat a? which a given body may be 

; « 


1 
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at the medium between perfect conducing, and 
non-condufting, above which degree it becomes a 
conductor, and beneath, a non-conduCtor. IF this m 
be true, it will Follow, that conductors are bodies 
whofc electric or non-conducting- flate is placed 
at a temperature far below that which is ufual in 
the atmofphere, and that non-conduCtors are thofe 
whole conducting ftate is placed at a degree of 
heat far above the mean temperature. 

That electricity is real matter, and not a mere n 
property, feems to be evident from a variety of cir- 
cumftances. When it pafles between bodies it 
divides the air, and puts it into thole undulations 
( 65 > N ) in which lound conlifts. It emits the rays 
of light in every direction, and thofe .rays are va- 
rioufly refrangible, and colorific, as ocher light is. 
And if light be acknowledged to be matter, it is 
contrary to reafon and experience to fuppofe, that 
the thing which emits it Ihould not likewife be 
material. Neither are the other fenfes unaffected 
at its prefence; its fmell is ftrongly phofphoreal 
or lulphureous, fo that when the air of a room is 
rendered highly eleClric, many perfons have com¬ 
plained of an unufual and difagreeable fenfation 
in the head from that caufc. The fenfe of feeling 
is a witnefs of its prefence, not only from the 
fparks, which, when received from the conductor 
of a powerful machine, arc very pungent, and. 
will pafs through two or three perlbns (binding on 
the ground, but alio from the Ihock, miofe effects 
are to be deferibed: and a ftream of the eleCtric 

X 4 
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matter received on tike tongue has an evidently 
fubacid tafte., which fegnains fame little tunc after. 

o As the esQting- a tube is very laborious for the 
operator, and the electricity procured by that means 
is fmall in quantity, globes or cylinders are much 
more uled. Thefe, by a proper apparatus, are 
made to revolve pn their axes after the manner of 
a grindflone, and a rubber of leather is applied to 
the equatoiial parts of the revolving glafs, which 
become cledlrical L>y the fridtion. The electricity 
of the globe is received by a metallic conductor, 
infi.il.ited by a glafs-foot, or lupporter. This con¬ 
ductor being eonftantly electrified, and at the 
fame time Heady and motionlcfs, is much better 
adapted for making experiment? than the globe 
itfelf, 

p A cylinder or globe thus fitted up to revolve on 
its axis, and provided with a rubber and aQ in¬ 
flated conductor, is called an eledtrical machine. 
The contrivances for the revolution of the cylin¬ 
der or globe vary in different machines, as like- 
wife the method of infulating the conductor. The 
conductor is in general fupported by a flick, of 
varnifhed glafs or baked wood, and fometifnes it is 
fufptnded by filk firings. 

Fig- 162,. reprefents an eledtrical machine. 
The glafs cylinder c, is one foot in diameter and 
nineteen inches long, and is turned by a wheel 
and firing, as (hewn in the drawing. The rubber 
or cufhion is fupported behind the cylinder by 
two upright fprings that appear beneath, and are 

fattened 
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fattened to two crofe bars of £lafe. B is the con* 
duCtor fupported on two" pillars i of glafe. From 
the end neareft the cylinder, iflue fevdral points, 
and at the other end the hall r prcgeCts by means 
of a wire. The ball s is'not infulated, and lerVes 
to draw the fpark from r. n is s chain, ufaally 
hung to the cufhion. The (parks given by the 
conductor of a machine of this conftruCtion and 
magnitude are from 12 to 14 inches long. 

Fig. 163, is a drawing of Nairne's patent eleCtri- a 
cal machine. The cylinder c is fcven inches in 
diameter and about one foot in length, but the 
length of the rubber is no more than eight inches. 
The working parts at the end of the cylinder are 
entirely of wood, and are fupported by two pillars 
of yarnifhed glafe each of a foot in length. The 
conductors a and b, are fupported by like pillars 
of the lame dtmenfions. The two conductors are 
made of tin, and lie parallel to the length of the 
cylinder. They are exaCtly alike, excepting that 
the rubber is fixed between the conductor a and 
the cylinder, and a row of metallic points iflue 
towards the cylinder from (he other conductor b. 
The infulation of this excellent fmall machine, is 
fo perfect, that on the addition of a larger conduc¬ 
tor to either of the others, it will give dfcnle iparks 
pf nine inches long to a ball of inches diameter. 


CHAP. 
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C H A P. II. 

* 

CONCERNING EXCITATION ; THE TWO DIFFERENT 
STATES OF ELECTRICITY*, AND THE EFFECTS OF 

POINTED CONDUCTORS* 

■ • 

s Vert little electricity is excited by the friction 
between two electrics or two conductors. The 
mod favourable circumftances for producing this 
effect, feem to be, when a perfect electric is rubbed 
by a perfect conductor (302, o). 

t The rubber of an electrical machine is ufiially 
made of foft leather Huffed with halt, and the 
rubbing part is ftneared with an amalgam of zink 
and quickfilver with a little tallow, the whole 
being fo proportioned as to have the confidence of 
pade. The glafs cylinder in its rotation, palling 
in contadl with this metallic fbft fubdance, be- 
comes electrified, and its electricity is prevented 
from flying back in fparks to the rubber or being 
diffipated into the air, by a piece of filk fewed to 
the rubber, and paffing over its furface and thence 
half way round the cylinder, to which it adheres by 
the electric attraction. 

u The electricity |hus excited, is much dronger in 
dry frody weather than when the atmofphere is 
damp, and confequently a better conductor of elec¬ 
tricity. The management of the operator will alfo 
4 make 
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make a prodigious difference. No theory of what 
happens in the excitation of electrics, has been offer¬ 
ed Chat deferves to be mentioned; and it is owing 
to our imperfect knowledge of this fubjeCl, that the 
mod Ikilful operators fucceed by an attention to cir- 
cumftances relating to the confiftence of the amal¬ 
gam, the roughnefs or fmoothnefs of its furface, 
its frefhnefs, the pofition and management of the 
filk, and other matters that can hardly be deferibed, 
fo as to afiift the young electrician. The following 
directions however fucceed very well. 

Every part of the apparatus muft be carefully v 
wiped with a dry warm cloth, or old filk hand¬ 
kerchief, in order that the electricity, when col¬ 
lected, may not be conducted off by adhering 
moifture or damp (302, n). The amalgam ought 
to abound with quickfilver, and to have no more 
tallow than is fufEcient, when applied to the cylin¬ 
der, juft to diminilh its brightnefs without fmear- 
ing. It muft be rubbed on the rough fide of a 
piece of leather, pafted on a card, in very fmall 
quantity. The cufhion and filk muft be care¬ 
fully brufhed or wiped before it is put in its place. 
This done, turn back the filk fo that its loofe 
part may not touch the cylinder, and begin to 
turn the machine, at the fame time applying the 
amalgamed leather to the cylinder. After a few 
turns the electricity will be heard in a kind of 
milling noife near the hand and cufhion. Re¬ 
move then the amalgamed leather, and replace the 
, filk on the cylinder, to which it will immediately 

adhere. 
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adhere. The friftidtt wl now be much greater 
titan before, as ti&i beperceivedby the difficulty 0f 
turning tlie handle; and the electricity will .be feen 
along the edge of the filk in long diverging ramifi¬ 
cations that dart into the air with noife. Thefe fly 
to the points of the prime conductor when applied, 
and, by means of this laft, the Iparks may be drawn, 

* i * 

or other experiments performed. 

w It is not well fettled whether a velocity of 
rotation in the cylinder, greater than the hand can 
produce with a Angle winch, be of any advantage 
in eleChicitv. From a few trials, not fufficiently 
diverfified, the fad: feems to be, that there is a 
certain velocity of turning by which more elec¬ 
tricity is obtained, in a given number of turns, 
than by any velocity confiderably greater or left* 
and that this neceflary velocity is lead when the 
excitation is moft powerful. A "‘cylinder of feven 
inches diameter, well excited, will afford its maxi¬ 
mum of eleftricity in a turn by a moderate ro¬ 
tation with a fingle winch, and the adhefion of 
the fink will render the turning fufficiently labori¬ 
ous. But whether the 'labour of the operator 
would be better employed in producing more 
turns in a given time by means of a wheel, though 
the excitation were lefs powerful, 1 remains to be' 
decided. 

x If the amalgam be applied bn the ctrlhion itfelf, 
inftead trf a feparate leather, the excitation will be 
more uniformly the fame, though rather lefs ftrong. 
WhCn the feparate leather is ufed, it is neceflary 
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to apply it to the cylinder from time to time, to 
keep up the excitation. One of the chief advan¬ 
tages of this laft method appears to be, that a 
ftrong excitation may at any time be produced by 
taking off the cufhion and wiping it and the filk 
very clean, at the lame time that the old amalgam 
is feraped off the leather, and replaced by the 
fize of a pea of frefh amalgamj whereas in die 
other method, it not unfrequently happens, that 
the operator is obliged to have recourfe to a 
variety of manoeuvres without fuccefs. 

If of two conductors, feparately infulared, one v 
be connected with the infulated rubber, and the' 
other placed near the cylinder, fo as to be elec¬ 
trified by it, they will both exhibit figns of elec- 

4 0 

tricity j but that conductor, which is electrified 
by the cylinder, will attraCfc thofe bodies which 
are repelled by the other conductor that re¬ 
ceived its electricity from the rubber.. And theie 
conductors, if brought near each other, will emit 
fparks, and aCt on each other in every rcipeCi. 
ftronger than on other bodies. If they be brought 
into contadt, the electricity of the one will deftroy 
that of. the other; and notwithftanding the elec : 
trie matter appears to flow or pafs from the cylin¬ 
der to its conductor, the two thus conjoined will 
exhibit few or no figns of electricity. 

The fenfes cannot diflinguifh the direction. in z 
which the eleCtric matter moves. The hypothefis 
molt generally admitted, is that electricity is an 
uniform fluid, capable of being rarefied or con- 

denfed. 
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dented, and that -in the common eleCtrical ma¬ 
chine it paiTes from the cyKnder to the conductor 
with points. On this fuppofition this conductor 
muft, when electrified, poflefs a greater quantity 
than is natural to it; and fince the cylinder af¬ 
fords very little electricity when the rubber is in¬ 
flated, it will follow that it receives its electricity 
from the rubber; for unlefs the rubber be at 
liberty jto receive an equal quantity from the earth, 
that is, unlefs it be uninfulated, it can part with 
. but a very frtiall quantity to the cylinder. Still 
retaining the fame fuppofition refpeCling the 
courfe of the eleCtric matter, it follows that the 
rubber, when inflated, muft lofe a part of its 
natural quantity by friction with the cylinder, and 
confequendy a conductor communicating with it 
muft be negatively electrified. It is not therefore 
f much to be wondered at, that the adtions of the 
two conductors lhould be contrary, and that when 
in contadt they fhould exhibit no figns of elec¬ 
tricity ; for the cylinder at the fame inftant that 
it imparts the dedtric matter to one conductor, 
exhaufts an equal quantity from the other, which 
is connected with the rubber. If the direction of 

the cledtric matter be fppofed to be contrary to 

« 1 

what b here aifumed, the effedts muft ftill be the 
fame. 

a The principal circumftance whereon the pre¬ 
vailing opinion concerning this direction is found¬ 
ed is, that if the conductor, which derives its 
eleCtricity from the cylinder, be made fharp or 

angular 
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angular a$ any part, not very near the cylinder, a 
diverging cone of eledric light will be feen, whole 
vertex is the point itfelf, and the eledric pheno¬ 
mena will be much diminished. But the con- 
dudor, which is conneded with die rubber, though 
its effeds be equally diminished by a fmiilar cir¬ 
cumstance, will never exhibit the cone of rays, but 
is only tipped at the point with a Small globular 
body of light. The cone has been thought to 
refcmble the ruShing out or emitting of light, 
and the globe the appearance of the imbibing or 
entrance of the eledric matter; whence the name 
of pofitive eledricity has been adopted for that of 
the cylinder, and negative for that of the rubber. 
The terms will be ufed in the fame fenfe, in this 
work, though it muit be confeSTed, that the pro¬ 
priety of their application is Hill doubtful. 

If eledricity be produced by the excitation of a s 
globe or cylinder of fulphur or refin, the ftates will 
be reverfed; the rubber will be pofitive, and the 
cylinder, with its condudor, will be negative. 
This was formerly thought to depend on the 
-nature of the eledric body, and the two ftates of 
eledricity were diftinguiShed by the names of 
vitreous and refinous eledricity, but it has fince 
been found, that the difference, in moil cafes, arifes 
from the relative fmoothnefs of the furfaces of 
the eledric body and its rubber when compared 
with each other. 

It feems to be a rule, that the fmoothnefs of the c 
two bodies obtains the pofitive ftate. Baked 

wooden 
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wooden cylinders, with a. fmooth rubber of oiled 
fllk, become negative, but with a rubber of flan¬ 
nel pofinve. Giaft, made rough by grinding 
with emery, excited with new loft flannel, is ne¬ 
gative, but with dry oiled fllk, rubbed with 
whiting, podrive j but if the glals be fmeared with 
callow, and wiped with a doth, then the oiled fllk, 
by rubbing, becomes polilhed, and the tube be¬ 
comes negative, as at flrftt if the oiled fllk be 
again rubbed with whiting, it excites a pofltive 
date on the grealed tube; but then the fllk has 
again acquired a polifh,' the tube becomes again 
negative. Even polilhed glafs may be rendered 
negative by rubbing with the hairy fide of a cat's 
Ikin. 

p Bodies poflefied of fimilar and equal dates of 
eledricity, repel each other; bodies poflefied of 
oppofite dates of eledricity, attrad each other; 
and bodies in a mean or natural date are attracted 
by all eledrified bodies whatever. But as we have 
no clear conception, or adequate idea, of any 
mechanical procefs by which attraction may be 
caufed, all our reafoning on the fubjed mud be 
purely hypothetical (i. 25, x), for want of pro¬ 
bable grounds to proceed on. If ever this pro¬ 
perty of matter, whole origin at prefent is fo little 
underftood, Ihould be deduced from forne Ampler 
caule, there is great reafon to think that it will 
be in confequence of eledrical difeoveries. 

z If the inflated prime condudor of a machine 
be well pofiihed, and without corners or angles, 

1 it 
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it will retain its eleflric ftace very well, and will 
emit ftrong fparks upon the approach of any un- 
infulated conductor. If the uninfulated conduc¬ 
tor be 'broad, round, and polifhed at the end, the 
fparks will be fhort and denfe, and will produce 
a confiderable found; if Ids broad, the fpark will 
be long, crooked, and left founding; if die breadth 
be Hill more diminished, the conductor begins to 
come under the denomination of a pointed body 
(311, a), the eie&ric matter * pafles to it from 
the prime conductor, through a great fpace of 
air with a hilling or ruftling noiie, and in a con¬ 
tinual ftream: a ftill greater fharpnefs enables the 
electricity to pafs over a greater fpace, but filently, 
and nothing is feen but a fmall light upon the 
point. If a fimilar point iflbe from the prime 
conductor, and the uninfulated conductor be round 
and polifhed, the fame effects happen in like fixa¬ 
tions ; but if both be pointed, the electricity is 
more readily difcharged: and in all thefe cafes the 
appearance of the eledtric matter at the point of 
the prime conductor will be that which is peculiar 
to its electricity, a large divergent cone if pofitive, 
or a fmall globular light or cone if negadve, and 
the light at the point pre fenced to the prime con¬ 
ductor will be diftinctive of the contrary elec¬ 
tricity. Whether a pointed conductor be elec¬ 
trified pofitively or negatively, if the nofe be 
brought near die point during die electrization, a 
wind will be felt hlowing from the point* and the 

Vol. II. Y , fenU- 
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fenfc will be affeCted with a fulphureous or phof- 
phoreal fmell. 

The reaction of the force by which the air is 
put into motion, is exerted on the pointed body. 
This is fhewn by a pleafing experiment with an 
electrified wire $ thus to the middle of the wire, or 
rather between two wires that lie in the fame line, 
is affixed a center-cap like tho.fe ufcd in fea-com- 
pafles, fo that the wire may eafily be moved on a 
point in an horizontal direction, as magnetical 
needles are; and the ends of the wire are pointed 
and bent contrary ways, to point in the direction 
of the tangent to the circle deferibed by them. 
Now if this wire thus fufpended on a point, be 
infulated and electrified, its fharp ends will be¬ 
come luminous, and it will revolve in a direction 
contrary to that in which its ends are bent; or if 
it be fufpended on an uninfulated point, and brought 
near the eleClrified prime conductor, the fame effeCt 
will follow.' 

4 

. It may be thought ftrange that the air ihoaid 
iflue from an electrified point, whether its elec¬ 
tricity be pofitive or negative. It is eafy to con¬ 
ceive that the iffuing out of the eleCtric matter 
may caule the air to move in the fame direction, 
but it appears ftrange, that the eleCtric matter 
rufhing towards a point Ihould caule the air to 
move direCtly contrary, that is to fay, likewife 
from die point. But if the circumftance be ex¬ 
amined more narrowly, the difficulty will vanilh. 
For it is highly probable that die eleCtric matter 
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paffes too fwiftly (i. 40, z) to excite any motion 
in the air but that undulation wherein found con- 
fifts (6$, n) ; to which may be added, that if the 
eledlric matter do adt on the air to put it in motion, 
the air muft readt with an equal force; and there¬ 
fore that a current of air blown againft the courfe 
of the electric matter muft affedt its appearance, by 
retarding the rays and defledting thofe againft 
which it ftruck obliquely: the contrary to which 
is by experience, known to obtain} for the lumi¬ 
nous cones (314, e) are not fenfibly affedted by 
i'uch treatment. The air being thus indifferent a? 
to the motion of the eledtric matter, its motion 
may be Ihewn to depend on the eftabliflied princi¬ 
ples of eledtricity. The point is eledtrified either 
pofitively or negatively, and the air, immediately 
oppofite and contiguous to the point, muft, by the 
emiflion or exhauftion of the eledtric matter, be¬ 
come ftrongly pofleffed of an eledtric ftate of the 
fame kind with that of the point: it is therefore re¬ 
pelled (313, d) and replaced by other air which is 
alfo eledtrified and repelled, by which means a con- 
ftant ftream is produced blowing from the point, 
and that equally whether the eledtrizadon be pofi- 
tive or negative. And, as adtion and readtion are 
equal and contrary, the point repelling the air muft 
itfelf alfo be equally repelled in the contrary direc¬ 
tion; whence the horizontal wire above deferibed 
is turned, and that always one way, namely, con¬ 
trary to that in which the air is moved, or to the 
diredtion of its bent points. 

Y 2 
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CHAP. III. 

OF THE COURSE OF THE ELECTRIC MATTER 
THROUGH THE COMMON AIR, AND THROUGH 
AIR VERY MUCH RAREFIED, WITH A DESCRIP¬ 
TION OF AN INSTRUMENT FOR DISTINGUISH¬ 
ING TH Z TWO STATES OF ELECTRICITY. 

h The air, being a non-co bid tor, muft be clr'led 
among electric bodies ; and the prime conduct, 
of an electrical machine being furrounded wim 
retains its eleftrk (late much better than it would 
dc without that circumitar ce. for the eleft.it: 
matter cannot pafs to or from the condudtoi with 
the lame facility as if this impermeable fubftan">. 
were not interpofed. 

i When air is fpoken of as impermeable and elec¬ 
tric, it mud- not be underftood as being perfectly 
fo, but as being moftlv compofed of non-conduft- 
ing parts. There is always moifture enough in 
the air to reftore the natural ftate to electrified 
bodies in a few hours. It is likewife permeable, 
as all other eledtrics are, by the force of the elec¬ 
tric matter which divides it or feparates its parts: 

when this happens to a folid eledtric, a hole is made 

✓ 

through it. 

k Long Iparks are always crooked in various 

directions, like lightning} which feems to be 

•% 

Caufed 
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caufcd by the eledtric matter patting through thofc 
parts of the air in which the belt condudors are 
found. . Indeed there is reafon to think that elec¬ 
tricity always requires a conductor to enable it to 

■« 

pals from one body to another. For if a glals 
fyphon, whole legs are equal, and refpedively 
more than thirty inches long, be filled with boil¬ 
ing mercury, and the ends inverted into bafons 
likewife containing mercury, a double barometer 
(31, z) will be formed, whofe upper o'- arched part 
will be abfolutely void of air Then if one of the 
b.Ubns be Infuhted and electrified, the electricity 
v«ii not p.ifs from the mercury in one leg, through 
cht void, to tha. ir the other? but upon adrnit- 
dng a finall bubble of air, it is immediately feen 
p.ifiing through the \.*c;:nt Ipace in the form of 
bright flalhes or ilames. In the vacuum of the 
-:r-pump the eledric matter will pafs and appear 
bin‘.nous between conductors, how diftant foever, 
forming a beautiful appearance, that very much 
refembles the northern lights or aurora-borealis. 
23 ut it is found that in high degrees of exhauftion 
the light is lefs the lels air is left in the receiver. 
It feems, on confideration of thefe circumltances, 
that the eledric matter cannot pafs through the 
mote per fed vacuum, for want of a condudor, 
but that the conduding part of the air when in¬ 
troduced, anfwers the purpofe, while the refiftance 

41 

of the eledric part, being very fmall, on account 
of the rarefadion, fuffeft it to pafs from one con- 

Y 3 dudor 
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ductor to another, through much greater fpaces 
than it can pafs through in the open air. 

l This opinion is iomewhat more confirmed by 
the obfervation that the cleCtric matter forces con¬ 
ducting bodies into its path. If a drop of water 
be laid on the prime conductor, in a pofitive ftate, 
very long (parks may be drawn from it, the drop 
will afiume a pointed or conical lhapc, and wet 
bodies which are held near it: a proof that the 
water is thrown off. If the fame experiment be 
made with melted fealing-wax, the appearance is 
very peculiar and amufing. The fealing-wax muft 
be dropped on or (tuck to the fide of the prime 
condu&or, and afterwards melted with a candle; 
then if the conductor be electrified, either pofi- 
tively or negatively, the drop of wax becomes 
pointed, and fhoots a number of fine threads into 
the air, to the diftance of feveral feet. This 
thread is in the fame ftate of electricity as the con¬ 
ductor it ifiiies from. 

M It is remarkable that the drop of water which 
forms itfelf into a point by electrization does not 
give the Ipark when negatively electrified. This 
property is not, however, peculiar to water, but 
common to all very Ihort pointed conductors that 
rife out of another furface nearly plane, and of 
fome extent. A (harp metallic point riling about 
one thirtieth of an inch out of the furface of a 
ball of three inches diameter, gave fparks five or 
fix inches in length, when pofitive or emitting the 
eleCtric matter; but the electricity palled with¬ 
out 


4 
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out Iparks, and with icarcely any noifo, when the 
point was negative or receiving. This may be an 
ufoful criterion for diftinguifhing the two ftates. 

m 

Fig. 164, reprefonts an inftrument for diftin- n 
guiihing the electricities, a and b are two me¬ 
tallic balls, that may be placed at a greater or 
lefs diftance from each other by means of the join 
at c. The two branches or legs c a, c b, are var- 
nifhed glals. From one of the balls a, proceeds 
a Ihort point towards the other ball b. If the 
two balls be placed in the current or courfo of the 
eleCtric matter, fo that it may pafs through the 
air from the one to the other, its direction will 
be known. For if the eleCtric matter pals from 
a to b, there will be a certain diftance of the balls 
dependant on the ftrength of the electricity, with¬ 
in which denfo iparks will pals from the point: 
but if its courfo be in the contrary direction, no 
Ipark will be feen, unlefs the balls be almoft in 
contact, and the point will be tipped with cleCtric 
light. 


Y 4 
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CHAP. IV. 

OP THE ELECTRICITY PRODUCED BY BRINGING 
A CONDUCTOR NEAR THE ELECTRIFIED PRIME 
CONDUCTOR: AND OF CHARGING AND DIS¬ 
CHARGING ELECTRIC PLATES. 

o If an infulated conductor, free, from points, be 
brought within a certain diftance of the prime 
conductor or cylinder in an ele&ric ftate, it will 
alfo exhibit figns of electricity of the fame kind; 
but if thofe figns be removed, by taking the fpark, 
and the condu&or taken from ithe prime conduc¬ 
tor, it will exhibit figns of the contrary elec¬ 
tricity. This is a very remarkable appearance, 
but may be accounted for, if two fuppofiuons be 
admitted, viz. firft, that the ele&ric matter is at¬ 
tracted by conducting bodies; and fecondly, that 
the parts of the ele&ric matter mutually repel each 
other, the forces of each power being in a certain 
inverted ratio of the difiance, 
p For the ele&ric matter, in an infulated and uni¬ 
form condu&or, will then be equally diffufed 
through its whole mafs, and the attraction which 
that condu&or will exert on any mafs of ele&ric 
matter prefented from without, muft be the excels 
of the attra&ive force of the body over the repul- 
five force of . the ele&ricky it contains. Whence 
a given conductor will attra& the ele&ric .matter 

the 



ELECTRIC APPEARANCES. J 29 

the moft powerfully when the quantity it already 
poffeffes is the leaft poflible, and its attractive 
fblrce will decreale as it becomes more faturated 
with eleCtricity. Let two equal conductors, com- 
pofcd of like matter, be brought within a fmall 
diftance of each other, then, if the quantities 
of eleCtricity they contain are equal, the attrac¬ 
tions they mutually exect on thole quantities wilt 
be equal, and it will remain undifturbed in each 
body. But if one conductor, a, contain more elec¬ 
tricity than the other, b, the attractive power of 
b will be greateft, and will draw the eleCtric 
matter from a till an equilibrium is obtained. It 
follows alfo, that in a number of conducing bodies, 

communicating with each other, the eleCtric mat¬ 
ter will be every where of the fame denfity, if the 
greateft attractive force of the bodies be fuppoied 
equal; but if different bodies be fuppoied to at¬ 
tract the eleCtric matter with different forces, as 
is moft probable, the denfities muft vary with the 
forces. This may be called the natural ftate. 

To apply this to the particular inftance above r 
recited, fuppole the end of an infulated conduc¬ 
tor to be brought near the prime conductor in a 
pofitive ftate, the attractive power of the firft-men- 
tioned conductor is greater than that of the prime 
conductor, yet, not being fuffident to draw lparks, 
at the* given diftance, the only effeCt it can pro¬ 
duce is, to make the eleCtric matter accumulate, 
and become more denfe in that part of the prime 
conductor, near which it is preTented; by which 

accumulation 
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accumulation the reft of the prime conductor be¬ 
comes lefs electrified* as experience teftifies. This 
accumulated body of eledtricity repels, and con- 
fequently rarefies the eledtric matter naturally con¬ 
tained in that end of the conductor, which is 
prefented to tlie prime conductor; the reft of the 
fluid becomes more denfe, and the other parts 
of the conductor which is prefented, exhibit iigns 
of electricity} yet, as this conductor in the whole 
contains no more than its natural quantity, if the 
eledtric ftate be taken off^ by drawing the (park, 

, and it be afterwards removed from the vicinity of 
the prime condudtor, it becomes negative through- 
s out, by reafon of the lofs of the fpark. If a con¬ 
dudtor be prefented to the prime condudtor in a 
negative ftate, the effedts are reverfed, the at¬ 
traction being ftrongeft at the prime conduc¬ 
tor, and the accumulation being in the conduc¬ 
tor which is prefented, it exhibits a negative 
ftate, which being deftroyed, upon removal it be¬ 
comes pofitive, by reafon of the fpark which was 
given to it when apparently negative. 
t Thefe effedts are more confiderabie the left the 
diftance is between the two conductors $ and the 
intercedes eledtric body is peculiarly affedted: 
the manner of which may be better underftood, 
by obfcrving the phenomena of non-eledtrics, fe- 
parated by eledtrics which are left liable to allow 
• die palling of the fpark than the air is. 

u Upon an infulated horizontal plate of metal, 

# 

lay a plate of glaft, confiderably larger, fo that 

there 
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there may be a rim of three or four inches pro¬ 
jecting beyond the metal on every fide. Upon 
the glafs lay another plate of metal, of the fame 
fizc as the former, fo as precifely to cover it. 
EleCtrify the upper plate, and the lower will ex¬ 
hibit figns of electricity. Continue the electriza¬ 
tion, and the lower plate will emit fparks to an 
uninfulated body for a time, and afterwards ceaie. 
Separate the plates from the glafs without uninfu- 
lating them, and the glafs will appear to be pof- 
fefled of the contrary electricities on the oppo- 
fite fides. That fide which communicated with 
the prime conductor, during the electrization, 
will have a like electricity, and the other the 
contrary. Take off the eleCtricity of the plates of 
metal, and carefully replace the glals on the 
lower, without deftroying the infulation, and alio 
replace the upper plate with the fame precaution. 
Then, with one end of an infulated wire, not 
pointed, bur knobbed at the ends, touch one of 
the plates, and bring the other end near the other 
plate: the confequcnce will be, that a ftrong and 
loud fpark will pais between it and the wire, the 
eleCtricity of the glals will be difeharged, and the 
plates and the wire will exhibit few or no figns of 
eleCtricity. 

An eleCtric body, whole furfeces are thus pof- 
fefled of the contrary electricities, is feid to be 
charged. The infulation of the lower metallic 
plate and of the difeharging wire is not neceffery, 
except for the purpole of drawing inferences, re¬ 
flecting 
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fpeCting the manner of charging the eleCtrie plate. 
If the electricity of the prime conductor be ft rang, 
and the glafs thick, the difcharge will often be 
made by a fpark from the one metallic plate to 
the other, over the. furface of the glafs which pro¬ 
jects on every fide; but if the glafs plate be thin, 
in which cafe, at an equal intenfity, it admits of a 
much greater charge, the difcharge will be made 
■ through its fubftance. Glafs, as thick as one 
eighth of an inch, may be penetrated by this means, 
one or more holes being made where the elec¬ 
tric matter has paffed, in which holes the glafs is 
* pulverized, and may be picked out with a pin. 
w The greater the furface of the glafs, the greater 
charge it will contain, the fame intenfity being 
fuppofed. But a given machine will not fuper- 
indu'ce fo ftrong an eleCtrie ftate on a large plate 
as a fmall one: the reafon of which feems to de¬ 
pend on the different intervals of time required in the 
charging, conjoined with the different magnitudes 
of the furfaces at which the electricity is commu¬ 
nicated to the air. If there were no efcape of the 
eleCtrie matter during the time of charging, the 
times would probably be as the furfaces of the 
plates, - equal thicknefjfes being always fuppofed} 
and if two plates were equally charged, the efcape 
x would perhaps he likewife as the furfaces. Thefe 
«*■ being premifed, the whole efcape would be as the 
time of charging, and the furfaces of each con- 
- jointly, that is, becaufe the times are as the fur- 
faces, in the duplicate ratio of their furfaces di¬ 
rectly. 
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rtSdy. Hence it appears that the efcapc in plates, 
that increafe in fize, approaches rapidly and con¬ 
tinually nearer to the quantity of electricity fup- 
plied by the machine, and that the more powerful 
machine, by diminilhing the time of charging, 
will charge higher in the inverfe proportion of the 
rime. It mult be confefied that the fuppoficions 
not being accurate, the proportions are only nearly 
true, yet this way of confideiing the fubjeCt may 
ferve to indicate the caufes, though not llridtly to 
meafure the effeCt; 

From the experiment (324), of feparating the y 
glafs from the plates of' metal, it is (hewn, that * 
the furplus of the elcCtricity on one furface, is 
cither accurately or very nearly equal to the defi¬ 
ciency on the other » for if it were otherwife, the 
plates and the difeharging wire would become 
ftrongly poflefied of the predominating eleCtricicy. 

It alfo follows, that if the theory of pofitive and z 
negative ele&ricity be true, electric bodies muft 
contain the ele&ric matter, for the ele&ric Hates 
are evidently on the furfaces of the glafs, inde¬ 
pendent of the metal. Now, though it may eafily 
be understood that a pofitive Hate may be fuper- 
induced by an accumulation of electricity on one t 
furface, yet it is abfurd to fuppole that the elec¬ 
tric matter can be emitted and exhaufted from die 
other fide, if it did not exilt there, previous to 
fuch emiflion and exhauftion. From this circum- a 
fiance it may be concluded, according to the lame 
theory, that all bodies, as well electrics as non^ 

eleflrics. 
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ek&rics, attract the eleCtric matter, but that elec* 
tries, being fo conftruCted as not to admit it into 
their fuhftance, as non-eleCtrics do, mud condenfc 
it upon their furfaces, and at all times hold a great 
quantity fo condenled. And if the quantity of elec¬ 
tricity be increafed or diminilhed on one fide, the 
electricity on the other furface mud be rarefied or 
condenfed, in confequence of the diminution or 
increafe of the whole attractive force of the body. 
The effects will alfo be more confiderable the lefs 
the diftance is between the two furfaces (32 r, o). 

a It is not poflible to charge an eleCtric plate by 
inducing an eleCtric ftate on one of its furfaces, 
unlefs the other be at the fame time fufficiently 
near to an uninfulated non-eleCtric to afliime the 
contrary ftate by emitting or receiving the elec¬ 
tric matter. 

b If a plate of glafs be laid upon an uninfulated 
plate of metal, the upper furface may be rendered 
eleCtric by friction, or by applying an electrified 
body fuccefiively to its parts. This electricity 
may be taken off by touching the upper furface 
with an uninfulated metallic plate of the fame di- 
menfions as that upon which the glafs is placed, 
but will not be'entirely taken off, becaufe the 
communication between the two furfaces in this 
method is not perfect, and becaufe the metal 
cannot by ordinary means be brought into ac¬ 
tual conraCt with the glafs. The fmall quantity 
which remains, produces an effeCt which has been 

c miftaken for a perpetual eleCtricity. For if a plate 

of 
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of metal, to which a glafs handle is affixed, be 
laid upon the glafs, this fmall quantity of elec¬ 
tricity will influence the metal, and, without ae- 
tually ’communicating the eleCtric matter, will 
caufe it to exhibit a limilar ftate (322). If 
this be taken off, by drawing the fpark, and the 
metal then removed, by means of the glafs handle, 
it will be found poffeffed of the contrary ftate of 
electricity, and another fpark may be obtained. 
The metallic plate may be then again applied to 
the furface of the glafs, and the procefs again re¬ 
peated, and fo on for a prodigious number of 
times, without any fenfiblc difference in the event. 
For the electricity at the furface of the glafs being 
almoft in the natural ftate, as to condenfation, 
does not difappear for a very long time, and the 
very near approach of the metal enables it to pro¬ 
duce the fame effeCt as would be obtained at a 
greater diftance from a ftronger electricity 
(321, o). 'This is made obvious, by bringing 
the metallic plate hear the furface of the glafs be¬ 
fore its firft ftrong electricity is taken off, for the 
fame event is then perceived at the diftance of 
four, five, or fix inches, as in the former cafe is 
produced by contaCt. 

The vapors of the atmofphere are continually 
attaching themfelves to the furface of cold glafs, 
and by that means deftroy the electricity. Sul¬ 
phur, wax, or refin, being Ids fubjeCt to this, 
retain their eleCtric ftate much longer.' A plate 
pf glafs or wood, coated over with any fubftance 

of 
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of this nature, may be excited by friction, and will 
produce eleCtricity in a metallic plate, in the man¬ 
ner above defcribed for a very great length of 
time. Such a plate, together with its metal, has 
been named the eleCtrophorus, fig. 165. 
s If the difcharge of an electrified plate be made 
by the parts of a living animal, a confiderable 
pain will be felt chiefly at the extremities of the 
mufcles. For example, if* the lower metallic plate 
be touched with one hand, and the other brought 

1 * 

to the upper plate, at the inftant of the emifiion, 
a pain will be felt at the wrifts and elbows, which 
as inftantly vanifhes. If a larger glafs plate be 
ufed, ihe pain will be felt in the bread; if yet 
larger, the fenfation will be that of a univerfal 
blow. This fenfation has obtained the name of 
the fhock, and will deprive animals of life, if fuf- 
ficiently ftrong. The fhock from 30 fquare inches 
of glafs, well charged, will inftantly kill mice, 
fparrows, or other fmall animals. Six fquare feet 
of glafs will deprive a man of fenfation for a time, 
if the head be made a part of the circuit through 
which the electricity moves. No inconvenience 
has been found from the eleCtrie fhock by men of 
ftrong habits, but women of delicate conftitutions 
r have had convulfions from a violent fhock. It 
may be obferved, that the eleCtrie fhock is a proof 
that the eleCtrie matter can pafs through the fub- 
ftance of non-ekCtrics, and is not univerfally con¬ 
ducted along their furfaces alone, as fome have fup- 
pofed. 

A* 
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ELECTRIC JARS; 


CHAP. V. 

OF ELECTRIC JARS; THE VELOCITY OF THE 
SHOCK j LIGHT IN THE BOYLEAW VACUUM; 
THE CHARGING A PLATE OF AIR, WHENCE IS 
DEDUCED THE ACTION OF POINTED, BODIES. 

For the lake of fimplicity and precifion, the g 
effe&s of electricity, in charging glafs, have been 
defcribed as they happen in flat pieces or plate. 
Thefe, however, are feldom ufed. The objedt 
of the philofopher, in general, jp- to *colle£t a large 
quantity of electricity, by means of the furfaces 
of eleCtrics, and it is neither neceflary nor con¬ 
venient to tife flat plates. He therefore accom¬ 
modates himfelf with a fufRcient number of pre¬ 
pared jars. Thefe are made of various lhapes and h 
magnitudes, but the mofl ufeful are thin cylindri¬ 
cal glafs veflels, about four inches in diameter, and 
fourteen in height; coated within and without, 
with tin-foih which is ftuck on with gum-water, 
palte, or Wax, excepting two inches of the rim 
or edge, which is lefc bare, to prevent the com¬ 
munication between the coatings. About four 
inches from the bottom, within, is a large cork, 
that receives a thick wire,*ending in fcveral ra¬ 
mifications, which touch the infide coating; the 
upper end of the wire terminating with'a knob, 
confidently above the mouth of the jar. ’ When 
it is required to be charged, it may be held in the 
Vol. II. Z hand. 
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hand, .or placed on an uninfulated table, and the 
knob of the wire. applied to the conductor; the 
inside coated furface becomes poflefied of the elec¬ 
tricity of the conductor, and the external furface 
acquires the contrary ele&ricity, by means of its 
uninfulated coating. When a jar of this kind is 
highly charged, it will difeharge fpontaneoufly over 
the uncoated furface, and fddom through the 
glaft, whereas, when the uncoated furface is large, 
they are more apt to break by that means, and 
i become ufclefs. Yet, there is no certainty that 
a jar, which has difeharged itfelf over its furface, 
will not at anothe{<tirae break by a difeharge through 
the glafs, as the contrary often happens. 
k. .A jar of confkkrable thicknefs, with a neck 
like a bottle, in which is cemented a thick tube 
to receive the wire, will fuftain a very high 
charge, and produce much greater effects than 
one of the laft defcription. The charging wire 
being inferted loofely into the tube, will fall out 
on inverting the jar, and the charge will remain 
for feveral weeks without much lols. A jar thus 
charged, may be put into the pocket, and applied 
to many purpofes that the common jar cannot be 
ufed for. 

, When, a greater degree of ek&ric force is re¬ 
quired,- larger jars rftuft be ufed, in which the 
form js .of no confequenee, except as far as re¬ 
lates t0 convenience. But it is left expenfive, 
afid. nearly as effettual, to ufe..* number of 

finajler jars, having • the fame quantity of coated 

% 

furface 
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furfece as the large jars. Jri this cafe, a com¬ 
munication muft he formed between all the out- 
fide coatings, which may be done by placing them 
ori a ftand of metal; and alio between all the inner 
coatings, which is beft done by means of Wires. 
Such a colleflion is called a battery; and'fhaybe 
charged and difcharged like a fingle jar. 

In dilcharging electrical jars, the electricity M 
goes in the greateft quantify through the beft con¬ 
ductors, and by the Ihortelt courfe. Thus, if a * 
chain and a wire; communicating with the outer 
coating, be prelented to the knob of a jar, the 
greater part of the charge wiH pafs by the wire 
and very little by the chain, which is a work: con¬ 
ductor, by reafon of its difcontmuation at every 
link. When the difcharge is made by the chain 
only, fparks are feen at every link, which is a 
proof that they are not in conta&; and as the chain 
muft be ftretched by a confiderable force before 
the fparks ceafe to appear on the difcharge, it fol- n 
lows that there is a repulfive power in bodies, 
by which they are prevented from coming into 
contaCt, unlefs by force, as has been obferved in 
the former part of this treatife (1. 14, a; l. 48, 

A, B>. 

"By accurate experiments it appeals, that the o 
force of the ■ eleCtric ftock is weakened, that is, 
its " effects are dknimfhed, by ufing a conductor of 
grCat krtgth in making -the difcharge. Yet, a 
very COnfcdCrable Ihock was given by theAbbC 
. Nolet, in the prefence of the French King, Co one 

Z a, - hundred 
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hundred and eighty men; the firft of whom formed 
a communication with the outer coating, the reft 
joining hand^ in a circular line, and the laft touch¬ 
ed the knob of the inner coating. They were all 
fhockcd at the fame inftant. Dr. Watfon, and 
many other gentlemen of eminence in the philo- 
. fophical world, were at the pains of making ex¬ 
periments of the faftic kind, but much more ac- 

p curate. They found, by means of wire infulated 

■ 

on baked wood, that the eledlric fhock was trans¬ 
mitted inftantaneoufly through the "length of 12276 
feet. 

When any animal or fubftance is to be fubjefted 
to the ihock, it is ufuaHy done by means of two 
chains, one of which connects one extremity of 
the animal or fubftance with the outer coating, 
and the other being fattened to, or laid on, the 
other extremity, is applied to the knob of the in¬ 
ner coating to make the difcharge. The animal 
or fubftance thus forming a part of the circuit, 
r receives the whole fhock. The ftrong fhock of a 
battery will melt wire' of the fevcnticth of an inch 

in diameter, and wires of left diameters are fre- 

% 

s quently blown away, and difperfed. Gunpowder 
may be fired by a charge of three fquarc feet: 
the method is, to put it into a quill, and thruft a 
wire into each end, fb as not to' meet, and then 
make theft wires a part of the circuit. A left 
charge will Serve if iron filings be mixed with the 
'r gunpowder.- Spirit of wine, ether, or a -mixture 
of common and inflammable air, may alio be fired 
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by die fame means, or even by the fpark from the 
c ondudtor. 

If the ball of a thermometer be placed in a u 
ftrong current of ele&ricity, the mercury or fpirit 
will rife many degrees*. 

A ftrong Ihock gives polarity to fmall needles. v 

Electricity will pats by means of non-eleCtrics w 
that are fo fmall as to be deftroyed by its paflage, 
as has juft been inftanced in wires: the force of 
the cxplofion in thefe inftances is very confidcrable, 
and is termed the lateral force of eleftricity. The 
following is a proof of this, and may be exhibited 
with left than a fquare foot of coated glaft,. if 
well charged. At the glaft-houfe there is ufually * 
sl great number of folid fticks of glafs, about a 
quarter of an inch diameter j if thefe be examined 
. narrowly, feveral of them will be found to be 
tubular for a confidcrable length, but the diameter 
of the cavity feldom exceeds the 200th part of 
an inch. Select thefe, and break off the tubular 
part, which may be filled with quickfilver by fuck¬ 
ing; care being taken that no wet previoufiy in- 
finuates itfelf, and then fend the fhock through this 
/mall thread of quickfilver, which will inftantly be 
difploded,' and will break or fpilt the tube in a 
curious manner. 

If 9 piece of the common glaft tube be drawn y 

put yery fmall, -by means of the blow-pipe, and 

* 

* Prom 67 to 99 degrees, in it fmall mercuiial thermo; 
tneter.- See Nairne’s Defcription of his £le fit leaf Machine. 

London, l/*j. 

Z 3 then 
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then filled with i mercury, the (hock will caufe 

both the mercury and the tube to difappear in the 

explofion; nothing being feen but finoke or va- 

■ 

pour. 

z An experiment iimilar to thefc may be made 
with a glafs-tube filled with water. Take a fnull 
glafs-tube, whofe cavity is about a quarter of an 
tech in diameter, fill it with water, and ftop the 
end with loft pomatum: through the pomatum 
inferc two wires, chat they may almoft touch each 
other, and make their ends a part of the circuit in 
the cli(charge of a (bong fhock, from about two 
feet fquare of coated glals; the confequence will 
be, that the water will*be difperfed in every direc¬ 
tion, and the tube blown to pieces, particularly in 
the middle, near the difeontinuation of the wire: 
the ends with‘-the wires and pomatum will fo me¬ 
linites be found undiftui bed. This is a flriking in- 
'flancc of Che velocity and force with which the 
cleft rie matter is moved (i. 40.) 

.a This property, of being charged and clifcharged, 
is not peculiar to glafe, but is common to all other 
eleftrics. < * 


b If a thin bottle be exhaufted of air by mews of 
the air-pumjs * will receive a confiderabte charge 
Hjr applying 'its bottom to- the eleftrified prime 


conduftor, during which time the ele&ric, matter 
will ^fs^VhfotJgh the lJ VhcUu#n between the hand 


fiirfke' of that part of the glafs 
■ J which' is'*nea^fi: prime conduftor.- This ap- 

1 'pearineft - 'whole 'ttufe'has' already been in fome 


degree 
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degree explained ($18), is exceedingly beau¬ 
tiful in the dark* efpeciafly if the bottle be of a 
confiderable length. It exactly rcfembles thofc 
lights Which appear in the northern Iky, and are 
called dreamers, or the aurora borealis. If one 
hand be applied to the part of the bottle which 
was applied to the condu&or, while die other re¬ 
mains at the neck, the lhock will be felt, at which 
inftant the natural date of the inner furface is 
reftored by a flath, which is feen pervading the 
vacuum between the two hands. 

The ele&ric lhock may be given from a plate c 
of air, by means of two large plates of metal, 
or rather boards coveted with tinfoil; one of 
which is to be fufpended to the prime oondu&or, 
and the other placed parallel to it on an uninfu- 
lated Hand, af a convenient diftance. Thcfe 
boards may be regarded as the coadngs of the 
plate of air contained between them, and if a com¬ 
munication be formed between them, by touching 
the uninfulated board with one hand, and apply¬ 
ing the other hand to the conductor, the lhock will 
be felt accordingly. It is almoft unncceflary tp 
obferve, that if the electricity be powerful, or, 
the diftance between the plates fmall, die charge 
will pals from the one to the other in a fpark 
through the air. 

If we compare this experiment with what has o 
already been obferved rclpe&tng the charging pnd 
difeharging electric bodies, it will appear chat moft 
jpf the electric phenomena are the confluences 

Z 4 <>f 
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of die air being charged. Thus, the prime cotw 
du&or imparts its electricity to the furfece of air 
immediately contiguous, and when the fpark* is 
drawn the difeharge is made to the jion-eleCtrics, 
namely, the .floor and wainfcot of the room, which 
are in contact with the oppofite, furface. The 
charge of eleCtrics has already been observed to be 
greater (3 2 j, t) the nearer the furfaces are to each 
other; thus, glafs beyond half an inch thicknefs 
£ can lcarcely be charged by our machines: in like 
manner, the difeharge, that is to fay, the fpark 
frpm tKfe conductor, will be greater, when a large 
company (land about it than at other times, the 
body of air which is interpofed between the con¬ 
ductor and the neareft uninfulated non- eleCtrics 
being then lefs in thicknefs than at other times. 
f It follows alfo, that a large conductor will give 
a larger fpark; than a Ids; the difeharge being 
from a furface proportionally greater. And fince 
this difeharge confifts chiefly of the eleCtric mat¬ 
ter, refilling at, or near the furface pf contaCt, 
and little, if at all, of that which may be within the 
g fubftance of the conductor, it is of no confoquence 
„ whether the conductor be a folid non-eleCtric or 
hollow, provided the furface be unaltered in forrn 
and magnitude. Hollow cylinders of copper, or 
tin, or wood, or pafteboard, covered with tinfoil,; 
pr ftrongly gilt, pre the conductors generally in 
life. ^ 

h It is a confequenpe of die air being charged that 
broad nbn-elcCtric furfaces draw large fparks from 

the 



VARIOUS FORMS «F fFSRKS. $ 4 $ 

the conductor j for the Jparks are the' difcharges 
of a large plate of interpofed air, - A left furface 
■will draw a left fpark, but becaufe the fame ma¬ 
chine charges left furfaces higher than greater, the 
Spontaneous difchargc through the body of the elec¬ 
tric air will be made at a greater diftance of the 
furfaces, that is to fay, the Iparks will be longer* 
If the iurface of the non-eleftric preferred be yet 
left, the fparks, for the fame reafon, will be left, 
and emitted to a ftill greater diftance. And if the 
furface be indefinitely fmall, or, in other words, 
jf the non-eledtric be pointed, the fpark may be 
fo fmall as to be invifible, and the diftance to 
which it can be emitted may be unlimited. ' The 
effect of pointed bodies feems to depend on cir- 
cumftances of this nature; but the realon of the 
different appearances of the light on points elec¬ 
trified, pofitively or negatively, ftill remains, a diffi - 
culty. 


CHAP 
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CHAP* VI. 

AN ACCOUNT OF SEVERAL INSTRUMENTS, AMD OF 

» 

THE PRODUCING AN ELECTRIC STATE WITHOUT 
EVIDENT FRICTION. 

i 

k The condcnfer is an inftrumcnt of the fame 
kind as the eleCtrophorus, but differently uied. 
For inftead of the interpofed eleCtric being pre- 
vioufly charged, it is of great importance here, that 
it ftiould be perfectly in the natural ftatc. In this 
filiation if the upper conducting plate be connected 
with a larger body weakly eleCtrified, while the 
lower plate is uninfulated, the upper will receive the 
eleCtric ftatc, and on being feparated or lifted up, 
will exhibit it with a much higher degree of intenfity. 
So that very frnall degrees of elefhicity may be 
rendered lenfible by this admirable contrivance. 
l To explain the caufe of this, it mufl be lecol- 
leCted that the aClion of a neighbouring conductor 
diminifhes the intenfity of the eleCtric date in ano¬ 
ther conductor, more efpccially if the former be 
uninfulated. The deCtrified infulated conductor 
will therefore admit of a more confiderable degree 
of electrization before its intenfity can be rendered 
equal to what it was when folitary. Suppofe this 
done, and the additional conductor then removed, 

and 
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and it is evident that the electrified conductor 
will, by the xiniform diffufion of the eleCtricity, 
be left in a higher Itate of electrization .than it 
would have acquired by the fame means without 
the afilftance of the uninfulated conductor. The m 
two plates of the condenfer. are in thefe circum- 
ftances: the upper receives more eleCt ricity, 
becaufe of the vicinity of the lower, andlhcws a 
greater intenfity when removed out of that vi¬ 
cinity. 

To accompiifh this purpofe, in the molt effec- n 
tual manner, it is necefiary that the interpolea elecr 
tric be very thin (3 23, t) and that the furfaces be 

' ' J ' ■■ •* r 

well adapted to each other. The eleCtric may 
be a coat of varnilh laid on the lower or upper 
plate, or a thin filk. fattened to the furface of the 


upper. 

1 1 ( i 

If the electricity be ftrong enough to charge o 
the eleCtric, the acquifition of the eleCtric ttate by 
the metal will be counteracted on the eleCtrophorus 

a * a 

principle, and the charge will tend greatly to dis¬ 
turb and falfify the refults of experiments made 

while it remains. A flight warming of the varnilh, 

• * 

either by the fun or any other .gentle heat, will 

however diffipate it. But the belt remedy for 

• • * * * ^ • , *’ 

this, is to life fuch an apparatus as will neither 
retain a charge nor fuffer the metallic plate, to ob- 
tain a higher eleCtric ttate than it can carry off on 

. 1 * ' ■ Ji * 1 >.* s •*. * • 

it? reparation. t t 

* * _ « •. l . ^ I if . 1 \ l ’ 1 ■ 

. The fagacious inventor has therefore fubftituted, p 
jnfread of the lower or fixed part of the apparatus, 

a piece 
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a piece of dry marble,, or marble vamilhed with 

copal Varnifh and kept in an oven for a fhort time, 

* % 

Or very dry wood. Here the very thin ftratum of 
air between the metal plate and the fubftance it 
•refts on, feems to fupply the place of the eleCtric, 
and the imperfectly conducting power of the mar¬ 
ble or the wood, prevents any charge from being 

u P 

accumulated. This laft apparatus aifo performs 
its Office better than the other. 

To ufe this inftrument the metallic plate is 
to be laid on the marble or varnifhed metal, and 
a connection formed between the upper plate and 
the body whofe eledtricity is to be examined. 
This connection may remain eight or ten minutes, 
or longer, jf the electricity be very weak, and then 
be removed. The metal plate being lifted up, 
will exhibit figns of electricity if the connected 
body were in an eleCtric ftate*. 
n Various inllruments have been contrived to dis¬ 
cover the prefence of eleftricity, together with its 

* • 

intenfity and kind- Thefe have been adapted to 
obferve either the attraction, or repulfion, or the 
length and figure of the fpark. 

J * 

* i 

* The ele&rophorvw and condenfer were invented by Mr. 
Alexander Volta, Profeflor of Experimental Philofophy at 
Como, Sec. This lalt inftrument is'honourable to its inven- 

i. / 

•or, not only on accqunt of the exteniively ufeful purpofes to 
which R has been and may be applied j but likewife becaafe 
it wae. difeovered, not" cafually, like moft other electrical ap¬ 
paratus, but in cpnfeejbence of fcientific deduction and reafott- 
ing. See Phil. Tranf, Vol. 7*» part i, or Cavallo’s EUc 
tricity. ' , 

Small 
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Small degrees of electricity are Very well fhewn s 
by the divergence of two fine hempen-threads, 
fufpended together frbm the conductor. If little t 
balls of pith or cork be fattened to the ends of the 
threads, they will ferve to denote ftill greater iri- 
tenfities, as they will not fo foon arrive at their 
titmoft divergence by the mutual repulfion. Fig. v 
167, is a very ufeful ele&rometer upon this prin¬ 
ciple. It confifts of an upright ftick of box¬ 
wood, a b, on one fide of which is affixed a 
graduated femi-circle; d is a ball of pith or cork, 
and is ftuck upon the end of a final! rod or radius 
of wood, which, by means of a finall axis at c, is 
moveable in a plane parallel to that of the femi- 
circle. This electrometer is fixed upright on the 
prime conductor j the radius will therefore hang 
perpendicularly down when it is not electrified * 
and according to the intenfity of the define ftate 
given to the^conduCtor, the. repulfion mutt caufe 
the ball to afeend. The afeent will be marked by 
die graduations. 

This electrometer, though very ufeful, has the v. 
imperfection of being lefs fenfible of the changes 
of electricity when the intenfity is confiderable, 
than when the repulfion at the beginning of die 
fcale aCts at right angles to the radius. It ha? 
alio another inconvenience common to all elec¬ 
trometers, narhply, the, want of a ftandard of ori¬ 
ginal adjuftment, by means of which all inftru- 
ments of the kind may indicate the fame intenfity 
in fimilar circumftances. 
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w Fig. i 63 , reprefonts an electrometer for mea- 
foring the length of the fpark. a reprefonts a fcc- 
tioh of the prime conductor I the wooden Item ± 
being inferred therein.** The bent part n is var- 
niflied glafs. Through a wooden collar c pafleS 
a wire that carries a bill of metal e, wliich may 
btf fot at different diftances as required. A chain 
may be hung on the outer pai t 1. This electro¬ 
meter is chiefly ufeful for lhocks> greater or lefs as 
may be required. For this purpofo the knob of 
the jar muff be in contaCt with the prime conduc¬ 
tor, and a chain from f muft touch the external 
coating. When the charge is fufficiently high, 
the exploflon will be made through the interval 
between a and e. 

x Fig. 169, is a very fonflble electrometer, well 
adapted for the obforvation of the prefonce and 
quality of either natural or artificial eleftricity. abc 
is the brafs cafe containing the inftrument. When 
the part a b is unferewed and the electrometer taken 
out, it appears as reprefented in aboc. A glafs 
tube CD n m is cemented into the piece a a. The 
upper part < 5 f the tube is fhaped tapering to a 
fmall extremity, which is entirely covered with foal- 
ing-wax. Into this tapering part a fmall tube of 
glafs is cemented j the lower extremity being alfb 
covered with foaling-wax, projeds a fmall way 
within the tube cDMtfi Into this fmaller tube a 

wire is cemented, which, \Vith its under extremity, 

* 0 * » • * ♦ 

touches a flat piece of ivory h, fattened to the tube 
by means of'a cork. The upper extremity of'the* 

wire 
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wire projects about a .quarter of an inch above ,» 
the .tube, and ferews iqto the brafs cap £ f, which 
cap is open at the bottom, and fprves to defend 

* ■ , — »a# % & 

the waxed part of the inftrurifent from the rain, &c. 
From h are hung two fine filver wires, having very 
froall corks at their lower ends, which by their re- 
pulfion (hew the electricity. i m and i n are two 
flips of tin-foil duck to the infide of the glafs, and 
communicating with the brafs bottom a a. They 
ferve to convey that electricity, which, when the 
corks touch the glafs, is communicated to it and 
might difturb their free motion. 

To ufe this inftrument for artificial eleCtricity, y 
bring a body in an eleCtric date (a dick of fealing-; 
wax, previoufly rubbed, is as convenient as any) 
near the brafs cap; the corks (321, o) will di¬ 
verge with the fame electricity till one of them 
touches the tinfoil 1 m or in, when, they will im¬ 
mediately collapfe. Remove the electrified body, 
and the corks will again diverge with the contrary . 
electricity. In this fituation, fuppofing fealing- 

«■ . ■ - I * ^ 

wax to have beery i}fed, a body poflefled of the 
pofitive eledtricity being brought near the cap 
will caufe the cork* to diverge dill more; but if 

* * 1 • ‘1 , , 

negative, it wyll caufe them to approach nearer to 
each other. 

'7*7 * i ^ * t >r 

When this electrometer is to be ufed to cry the z 
electricity of the fogs, air, clouds, &c. the obferver 
is to do nothing more than :o unferew it from its 

cafe. and hold it by, the bottom a a, to prefent it 

* %.\ * • * 1 * '• * " - , \ * * ' . 1 

to the,air in an open place a little, above. his head* , 

y ^ ► * I ♦ 1 • m « V* I V R / 


V 
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fo that he may conveniently fee the corks p. A 
very fmall degree of eledtricicy will caufe them tor 
diverge, and its quality may be afcertained by 
"bringing an excited flick of fealing-wax, or other 
cledtric, towards the cap £ f. 

But the ele&rometer of Bennet, is by far the moft 
delicate of any of the inftruments which have yet 
been applied for diftinguifhing fimple electricities. 

M 

It confifh of two flips of leaf gold, a, fig. i 66 > 
fufpended in a glafs b. The foot c may be made of 
wood or metal ; the cap d of metal. The cap is 
made flat on the top, that plates, books, evapo- ♦ 
rating water, or other things to be ele&rificd, may 
be conveniently placed upon it. The cap is about 
an inch wider in diameter than the glafs, and its 
rim about three quarters of an inch broad, which 
hangs parallel to the glafs, to turn off the rain and 
keep it fufficiently infulatcd. Within this i$ ano¬ 
ther circular rim, about half as broqd as the other, 
which is lined with filk or velvet, and fits clofe 
upon the outfidc of the glafs; thus the cap fits 
well, and may be eafily taken off to repair any ac¬ 
cident happening to the leaf gold. Within this 
rim is a tin tube, hanging from the center of 
the cap, fomewhat longer than the depth of the 
inner rim. In the tube a fmall peg is placed, 
and may be occafionally taken out. To the peg, 
which is made round at one end and fiat at the 
other, the flips of leaf gold are fattened with pafte, 
gum-water, or vamifh. Thefe flips, fufpended 
by the peg, and that in the tube faft to the cen- 
6 ter 
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ter of the cap, hang in, the middle of the glafs, 
about three inches long, and a quarter of an inch 
brdad.. In one iide of the cap there is a fmall hole 
to place wires in. It is evidfnr, that without the* 1 
gl.ifs the leaf gold would be fo agitated by the 
lcaft motion of the air, that it would be ufekfc; 
and if the cle&iiury Jhould be communicated to 
the fin face of the glafs, it would interfere with 
the ri-pulfion of the leaf gold, therefore two long 
pieces h h of tin foil are fallened with varnifh on 
oppofite iides of the internal fyrface of the glafs, 
where the leaf gold may be expected to ftrike, and 
in conneCtigp with the foot. The upper end of 
the glafs is covered and lined with fealing wax as 
low as the outermofl rim, to make its infulation 
more perfect*. * 

The fenfibility of this inftrument is io great as 
even to aflonifh the moil experienced electricians 
who have not before been witneis to its effects. The 
brufK of a feather, the projection of chalk, hair- 
powder, or dufl, againfl; its cap evince ftrong figns 
of electricity. The eleClricity of vapor is elegantly 
fhewn by pouring a tea-fpoonfal of water on an agi¬ 
tated coal placed in a metallic cup upon the cap of 
this electrometer: and a very great and pkafing 
variety of other experiments may be made with 
this excellent inftrument. 

The ingemoub eleftrician who is not provided * 
with the iijftruments here defqribed, may fjpply 

* Phil, Trtaf, vol. 74, p. *7, 

A a their 
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. their place by contrivances, which a knowledge of 
the general fads will eafily indicate. Strong elec¬ 
tricities may be diftinguifhed by the lightt at the 
extremities of pointed bodies, and for lels intenft- 
tics a downy feather may be fufpended by a fine 
thread of filk. This being eledrified, by bringing 
it in contad with the cylinder or condudor of a 
machine, will preferve its eledric Hate for a con- 
fiderable time; during which it will be repelled 
by bodies in the fame Hate, and attracted by all 

* \ m 

othersi 

•* V » 

b We (hall finifh this general account of arti- 
ficial eledricity w ith pointing out Tome of the other 
means of producing it, which do not feem referable 
to the ufual method of excitation.. 
c The efcape of vapor or elaflie fluid from bodies 
in a ftate of combuftion, from water thrown on 
hot coals, or from chemical menflrua in a Hate 
of effervefcence, leaves the refidue negativfely elec¬ 
trified. Thefe important fads feem to point at a 
general law of eledricity, that may tend in future • 
to explain the phenomena in which heat is latent 
(i 17, T),and to which it bears a ftriking analogy*. 
d , It appears to be a fair deduction from thefe 
fads, that as bodies take up eledricity when they 
affume an elaftic form, fo they muft depofit it. when 
they arc again .condcnfed, The experiments re¬ 
lative to this objed require to be varied and ex* - 

P 1 -* ■* a 1 a 1 

tended. ,' 

'.*'•**, * ,• i * . - 

s* i j * ' m, . 

W 

• The difeovery of Slg* Volta. See Phil. Tranf. voL jz. . 

' "' “ ‘ Sulphur 
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Sulphur melted in an earthen veflel, and placed • e 


to cool upon uriinfUlated conduftors, is ftrongly 
fcleClric wheri taken otir, blit is not To when it ha* 


flood to cool upon eleCtrlc fubftances. 

Sulphur melted in a glafs veffel acquires a ftfong f 
electricity in the circiimftances above mentioned; 
whether the vefTel be placed on electrics or not; 
but ftronger in the former cafe. This electricity 
is yet ftronger, if the glafs be coated with metali 
In thefe cafes the glafs is always pofidfee, and the 
fulphur negative. It is particularly rerilarkablei 
that the fulphur acquires no electricity till it be¬ 
gins to cool and contract, and fs the ftrongeft at 
the time of the greateft contraction: whereas the 
electricity of the glais is at that time weakeft, and 
is the ftrongeft of all When the fulphur is fhaken 
out before it begins to contract, or has acquired 
any negative electricity*. 

It has been obferved, that filk or wdrfted flock- o 
ings become eleCtrifcal after being worn fome 
hours, more particularly die filk, as does alfo a * 
beaver fhirf worn between two others. If a white 


v 

and' a black filk flocking be worn on the fame leg, 
.they obtain contrary electricities. When drawn 


off together they fheW very litde figns of elec¬ 
tricity, but, upon feparating them, cash indicates 

} 

an deCtrical ftate fb ftrongly, that the repulfionr 
inflates them, fo as to exhibit the inure fhape of 


the leg. If the two ftockings be allowed to come 


*'Thefe fails are denied by Volta, in Phil. Tranf. vol. 7a. 

A a a together. 
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together, they ftrongly attrafi each other, the in¬ 
flation fubfides, and they flick very clofely toge¬ 
ther} in which fltuation they retain their elec¬ 
tric ftate, notwithftanding the approach of the 
iharpeft metallic point. A fccond reparation again 
exhibits their refpefiive elefincities as before} 
and this may be done feveral times without much 
diminifhing their elefiricitits. The elefiricity of 
the black flocking is negative, and of the white 
pofitive. It is exerted by the friction of drawing 
the flockings fiom the leg. 

The tourmalin is a hard gem, either pel¬ 
lucid or opake, of a red colour, and is brought 
from the ifland of Ceylon, by the Dutch. It pof- 
feffes the property of affunnng an define ftate if 
heated} one fide of it becoming pofitive, and 
the other negative. If this define ftate be taken 
off by contact, the done will become fle&ric as 
it cools •, but with this diffeience, that the fide 
which, during the heating, was pofitive, will now 
be negative, and the other fide pofitive, which 
before was negative. But if the elefiric ftate be 
not taken off, the fame kind of elefiricity will be 
found on the fame fide during the whole time of 
heating and cooling. Either fide of the tour¬ 
malin will become pofitive by frifiion, and both 
may be made fo at the fame time. 

Thefe are the chief properties of this very re¬ 
markable done, which are alfo common to the 
Brazil topaz, and fome other gems. There are 
feveral important particulars relative to this and 
i every 
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every other branch of eleCtrical knowledge, which 
cannot be enumerated and deferjbed, in an intro¬ 
ductory book, on account of the great length of 
detail they would require. For thclc, the fludent 
muft have recourfe to treadles written exprefsly 
on this fubjeCt. There are alio a number of fan¬ 
ciful and pleafing variations of the common ex¬ 
periments. Bells are rung by an uninfulated clap¬ 
per, which is alternately attracted and repelled be¬ 
tween two bells in oppofite Hates of electricity; 
figures cut in paper are made to dance by the 
attraction and repullion between two merallic 
plates i light mills of pafleboard are driven round 
by the current of air from electrified points, &c. 
&c. particular accounts of all which may be had 
in pamphlets, which are frequendy fold by the 
makers of the electrical apparatus *. 

* For a fuller account of eleftracal difeoveriea and appa¬ 
ratus, confult PnefUey 9 * Hi/lory of EleAricity; Adams's 
Eflay on Eleftiicity, or Cavallo’s Complete Trcadfe. 
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CHAP. VII. 

or NATURAL ELECTRICITY i AND OF THE IDEN-* 
TITY OF LIGHTNING AND THE ELLCTRIC MAT¬ 
TER. 

T hat eledtricity is no trivial or confined fiibjedt, 
muft appear from what has already been faid, fince 
there is no body in nature that is not adted upon by 
it, either as a condudtor or non-condudtor. The 
importance of the cledtric matter in the fyftem 
of the world is more particularly confirmed by 
obfervations on thofe phenomena which take place 
without the concurrent operation of man. Of thefc 
it will be proper to give fome account. 

Several fifhes poflpfs the property of giving 
the cledtric fhock. The torpedo, or numbing 
fifh, and one or more fpecies of eels, from Suri¬ 
nam, if touched by the hand* a metal rod, or any 
other condudtor, give a confiderable fhock to the 
arm, but may be fafely torched by meaits of a 
flick of fealing-way. The fhock Spends on the 
will of die fifh, and is traA&pitted to a great dis¬ 
tance, fo that if perfons in a fhip happen to dip 
their fingers or feet-in the lea* when the fifh is 
fwimmiftg at die dift^nce of fifteen feet, they are 
hflfedted by it. '-Mr* Walfh exhibited the adtual 
/park of expbfioo. by the Gymnoblus electricities 
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from Surinam. For- this, purpofe part of the cir- 
cuit was formed of a flip of tinfoil parted upon 
glafs, and divided by one ftroke of a (harp knife. 
At this break the f^arfc was jjeen very, luminous 
and bright. 

Many diforders of the human frame h^ve been m 
cured or relieved by elc&ricity. In all cafes, ex. • 
cept thofe called nervous, the elcftric wind from 
a wooden or metallic point, the fpark or gentle 
lhocks may be fafely admiftirtered without' fear of 


doing harm, if no good effeCt Ihould be produced. 
This remedy feems peculiarly applicable to local 
diforders, fuch as fwellings, contractions, rheu¬ 
matic and othe^ pains, parties, &c. in which its 
effefts art very often wonderfully fudden and bene¬ 
ficial. The fpark or fmall lhocks through die 
pelvis, regulated according to the feelings of the 
patient, are fajd to be to infallible cure for the 
fuppreflion' of the catamenia; and it is certain 
that in many deplorable calcs it has effected a 
cure. It', is generally admitted as a rule in the 


application of eledtrUrtty,* that it ought never to 
be lb. ftrong as to bc difigreeable tp the’patient 
in any confideraWe degree. 

But the m^b rcmarkable appearances of elec¬ 
tricity, which toe shewed with' furprife and admi¬ 
ration by art ranks of people, are thofe Which, may 
be termed atmofpberical, as for the molt part 
exifting in, or depending bn, the ftaoe of the. at- 
mofpheTe. Taghming » proved to. be ah dearie 
phenomenon, end there is Hide doubt but the «u- 
~ ;> • A a 4 rora- 
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rora-borealis, whirls inds, water* (pouts, and earth¬ 
quakes, depend on the fame principle. 

O The refemblance between the eleftric fptrk and 
lightning, is fo obvious, that we find it among the 
earlieft obfervations on the fubje^b j but the proof 
of the important theorem of their identity was re¬ 
ferred for Dr. Frartklin, who is fo juftly cele¬ 
brated for his many dtfeoveries in this branch of 
natural philofophy. He fit ft obferved the power 
of uninfulated points, fo drawing off the eledbri- 
city from bodies at great diftances, and thence in 
ferred that a pointed metallic bar, if infulated at 
a confiderable height in the air, would become 
* ele&rical by communication from die clouds dur¬ 
ing a thunder-dorm. He communicated this 
thought to the public; and fcveral machines, con¬ 
fiding of infulated iron bars, erected perpendicu¬ 
lar to the horizon, and pointed at cop, were fee 
r up in different parts of France and England. 1 he 
fiifl apparatus that was favored with a vifit from 
this ethereal matter, was that of Monf. Dalibard, 
at Marly la Ville, about fix leagues from Paris. 
It confided of a bar of the length of forty feet, 
and was ele&iified on the tenth of May, 1752, fot 
the fpace of half an hour, during which time the 
longed {parks it emitted meafured about two 
inches. 

Dr. Franklin, after having publilhed the me¬ 
thod of verifying his hypothefis concerning the 
{amends of eleftricity with the matter of light¬ 
ning, was waking for the fre&on of a fpire in 
1 ‘ Philadelphia 
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Philadelphia to carry his vicwsirtto execution; not 
imagining that a 'pointed rod of a moderate height 
pould anfwer the purpofe j when it occurred to 
him, that by means of a common'kite he could 
have a readier and better accefs to the regions of 
thunder, than by any fpire whatever. ’ Preparing 
> therefore a large filk handkerchief, and two croft 
fticks of a proper length, on which to extend it; 
he took the opportunity of the firft approaching 
thunder-ftorm, tqg^walk into a field in which there 
was a fhed convenient for his ptirpofe. But, dread¬ 
ing the ridicule which too commonly attends un-, 
fiiccefsful attempts in fcience, he communicated 
his 'intended experiment to nobody but his fon, 
who afiifted him in railing the kite. 

The kite being raifed, the end of the firing be¬ 
ing tied' to a filk firing, which he held in his hand, 
and a final! key being fattened at the place of 
junction, a confiderable time elapfed before there 
was any appearance of its being ele&rified. One 
very promifuag cloud had patted over it without 
any efiedt; when, at length, juft as- he was be- 
' ginning to defpairofhis contrivance, he obferved 

i 

lbme loofe threads of the hempen firing to ttand 
eredt, End to avoid one another juft as if they had 

a 

been fufpended on a csommon eondudlor. Struck 
with' this promifing appearance, he immediately 
prefen ted his knuckle to the key, and, let the 
reader judge of the fcxquifite pleafure he felt at 
the moment, the di^bvery was complete. He 
peratived a ytrf evident elcdtric fpark. Others 
. * fucccedcd. 
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fucceed£d, even before the firing was wet, fb as 
to put the matter pad all difpure; and when the 
rain had wetted the firing, he colledted the elec¬ 
tricity very copiouAy. This happened in June 
1753, a month after the elcftricians in France had 
verified the fame theory, but before he had heard 
Of any thing they had done. 

s ' The grand practical ufe which the Do&or made 
of this difeovery, was to fecure buildings from 
being damaged by lightning^ a thing of vaft 
confluence in all parts of she world, but more 
especially in fcveral parts of North America, where 
thunder-ftorms are more frequent, and their ef¬ 
fects, in that 'dry air, more dreadful, than they 
are ever known to be with us. 

t This great end is accocnplifhed by fb eafy a 
method, and by fo cheap and fcemingly trifling 
apparatus, as fixing a pointed metalline rod higher 
than any part of the building, and communicating 
with the ground, or rather the nearefl water. This 
wire die lightning is fure to leize upon, preferably 
to any other part of the building, unlefs it be very 
large and attended, in which cafe wires may be 
erefted at each- extremity! by which means this 
dangerous power is fafely conducted to the earth, 
and dif&pated without doing any harm to the 
building. 

v Conducting rods are now become very com¬ 
mon, both for the pftrpofe of fecurtng buddings, 
and of making obfmrvations on die ftate of the at- 
mofphere. • The heft Of thofe which iro intended 
1 fbf 



- ctmoucriNO rods* >■* $6$ 

% 

foe die latter purpofe, b the fallowing. Qn the f 
top of any building, which- will be-die more con¬ 
venient if it ftand upon an eminence, erett a pole 
fis tali as a man can manage without difficulty, 
having on the top of it a ioUd piece of glafs or 
baked-wood, a foot in length. Let this be co¬ 
vered with a tin or copper vefTel in the form of a 
funnel, to prevent its ever being wetted. Above this 
let there rife a long (lender*rod, terminating in a 
pointed wire, an£ having a fmall wire twitted 
round its whole length, to conduft the electricity 
the better to the funnel. From die funnel, Iqt a 
wire defeend along the building, about a foor 
pittance from it, and be conducted through an 
ppen fafh into any room which ffiall be mott conve¬ 
nient for managing the experiments. In this 
room let a proper conductor be infulated and conr 
petted with the wire- coming in at the window- 
This wire and -jconduttor* , being ? completely in¬ 
fulated, will, be elettrified whenever there is a con- 
Cderable quantity of elettricity in the air> and 
notice will be* given when it is properly charged, 
either by die mutual repulfion of two Jmall balls 
of cork hung to. it by. threads, or ; by the ringing 
pf two finajf bells, A thp One’ fufpended. from, and 
communicating with 1 tb$. cooduttor, and .the other 

t • * * 

unjnfulated; thefe bills will be in oppoUte dates 
of elc^icity when the. cooduttor b clettrified, 
pad jf a cbpper or fmall metallic ball be hung 
by a d|k thread between them, it will be alter- 
patdy amatted and spelled by each, and confe- 

quendy 
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quently indicate the eleftricity of the conduftor 

w by ringing. The condenfer (339, k) is of excellent 

ufe to afeertain the prefence and quality of £tm6- 

fpherical ele&ricity when the conductor is too 

llightly eledrifled to attraffc a thread, or to exhibit 

any of the ufual appearances. 

x To make thefe experiments in perfect fafety, 

the electrified wire fhould be brought within a few 

inches of a conducing rod, which ferves to guard 

the houfe, > that the redundant ele&ricity may pafg 

off that way, without ftriking any perfon who may 

happen to ftand hear it. The conductor to guard 

the houfe fhould confift of a rod, without breaks 

or difeontinuities, between one fourth and one 

half of aft inch thick, if it be of iron, but fmaller 

if it be of brafs or copper, terminating upwards 

in a lharp point about four or five feet above the 

higheft part of the building: it is convenient that 

this point be of gold, or gilt, to prtferve it from 

rufting. The lower end of the rod fhould, if 

poflible, be continued to fome well or running 

water, or otheswife it fhould be funk feveral feet 

into the -ground, at the didance of fome yards 

from the building. It is of no confequence how 

many bendings are made in the rod, but it is 

much better to fallen it to the outfide than the 

* 

infide of the building; for thefe conductors are 
known to emit fparks during thunder-dorms, not- 
wrthdanding their infertion in the earth, from 
which fatal confequences may be apprehended 
when die ek&ric force is very great. 


It 



ATMOSPHERICAL ELECTRICITY. 36 $ 

It is dear, from many inftances, that the lights y 
which are feen at the maft-heads of fhips, and 
on the vanes of iome churches during thunder, 
owe their origin to the eledric matter palling by 
means of uninfulated points. 

The polarity of the compafs-needles has been z 
known, in feveral inftances, to have been deftroy- 
ed or reverted by lightning. An effedl which, as 
has been obfervcd, may be produced by the electric 
fhock from gtafs (334, v). 

If the electrician be defirous of making experi- a 
ments upon the eledricity <?f the atmofphere to 
greater exa&nefs, he muft raife a kite, by means 
of a< firing in which a fmall wire is twifted. The 
lower extiemity of this line muft be filk, and the 
wire muft terminate in fome metallic conductor 
of fuch a form as lhall be thought moft convenient. 
But it is dangerous to raife it upon the approach of & 
thunder-ftortn j and upon this occafion the com¬ 
mon apparatus for drawing electricity from the 
clouds will probably answer every intended purpoie. 


CHAP 
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CHAP. VIII. 

OF LIGHTNING, AND OTHER METEORS. 

b To know that lightning and the cleft ric matter 
are the fame. Is a great ftep in natural philofophy, 
but we muft ftill remain ignorant of the c^ufes of 
many of the appt nances which accompany light¬ 
ning, lo long as our, acquaintance with the pro¬ 
perties of electricity is lo very imperfect. We 
c know that the clouds are almoft always eleftiified, 
fbmetimes pofitively, and fometimes negatively; 
but whence, or by what means, they acquire that 
d (late; .whether by the heating or cooling of the air, 
upon the Tourmalin principle, whatever that may 
x be, or whether the clouds be only the conductors 
by which the electric matter is conveyed through 
the air, from places in the earth where it is re¬ 
dundant, to other places where there is a de¬ 
ficiency, cannot eafily be determined. The firfl 
is the conjecture of the well-known Mr. Cantoir, 
and the Jiatter is the chief propofmon in the theory 
of that great philofopher Sig. Beccaria of Turin. 
It fs probable that both circumftances may con¬ 
duce to the cfFeCt j th£ heating or cooling of the 
air may produce, or rather cbllfcCt/ that eleCtri* 
, city, which is’ fo great an agent in atmofpherical 
events, and its difeharge may be effected in the 

manner 
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manner in which Signor Beccaria has, with great 
probability, fuppoled it to be accomplifhed. 

' • The difcovery of Sig. Volta, of the elcdlri- f 
city of vapors, or elaftic matter raifed into the 
atinofphere by fire or otherwifc, is a moft capital 
advance towards the perfect knowledge of the 
caufe of the eleCtric ftate of clouds, mifts, and the 
like. For vapors, carrying off* a larger portion 
of ele&ricity than when in the fluid ftate, mud 
conftantly give out a part of the fame (346, d) 
when they arrive in the fuperior and colder Te- 
gions of the air, where they become more con- 
denfed, and form clouds. Clouds and rain will 
therefore naturally have the ppfitive electricity, 
though a cloud, when once formed, may, by its 
influence on neighbouring clou<|t, caufe them to 
become negative (321, o), by imparting not 
only their natural furplus, but even more to the 
earth. 


A thunder-ftorm ufually happens in calm wea- c 
then A dark cloud is obferved to attract others 
to it, by which it continually increafes in magni¬ 
tude and apparent denfity. When the cloud is 
thus grown to a great fize, -its lower furface fwclls 
in particular parts towards the earth, fometimes 
by light flimfy clpuds, and fometimes by an infe r 
.rior protuberance. During the time that the cloud 
is thus forming, flafhes of lightning are^feen to 
dart from one part of it to the other, and often to 
illuminate the whole mals* and fmall clouds are 

obferved 
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obferved moving rapidly, and in very uncertain 
directions' beneath it. W hen the cloud has acquired 
a fiifhcient extent, the lightning ftrikes the earth in 
two oppofite places; the path of the lightning ly¬ 
ing through the whole body of the cloud and its 
branches. 

h 'that thunder-clouds frequently do nothing more 
than conduct the elt&ric matter from one place to 
another, is not only probable, on account of its 
linking in two places, but likewile from the con¬ 
federation, that the emiffion of the flalh would deftroy 
the electric ftate of the clouds, if it were not im¬ 
mediately recruited from fome other part. But the 
ele&ric ftate is not deftroyed after a flalh, if we may 
judge either from the ele&ric apparatus, or from 
the cloud itfelf; the firft appears to be not Ids 

ele&rlHed, and the latter is the next moment ready 
to mike as great a difeharge as before. Befides, if 
the two flalhes of lightning, which ftrike at different 
places, nearly at the fame time, were Ample, fimilar, 
anti Independent difehargtrs of the cloud, why fhould 
they referable each other ? and yet they do very 
much, as appears by obferving a thunder-florin at 
a diftance. Then it is leen, that if one part of the 
cloud' give a tingle flalh, the other extremity will 
give, or rather receive, 'a tingle flalh a fliOrt time 
or the inftartt after; but if it give two, three, Or 
four quick Ibcccffivc flafhes, the othtr extremity 
wiil receive a like number a little, but very per¬ 
ceptible a time after. The angular diftance be¬ 
tween 



AURORA BOREALIS. 369 

tween the places of thefe correfpondent flafhes is 
frequently four or five points of the compals. 

It is remarkable, thit mod detached clouds, whole i 
angular heights are but fm&ll, and which conlequent- - 
ly may be viewed in profile, are varioufiy arched at 
• their upper furface, while their under furface is hori¬ 
zontal. This appearance is particularly obfervable 
in thunder-clouds, and alfo takes place in the fmoke 
of refin, or fteam of water, electrified by the com¬ 
mon machine. 

•* 

Whatever may be the caufe that difturbslthe k 
equilibrium of the eleCtric matter in the atmof- 
phere, it, may eafily be conceived, that when 
foch difturbance happens in the upper, and highly 
rarefied regions of the air, the equilibrium will be 
reftored by dartings and eleCtric corufcations 
through the vacuum, fimilar to thole exhibited in the 
vacuum of the air-pump. This confideration ac¬ 
counts for the aurora borealis, which has commonly 
a motion of darting or undulating between two op- 
pofite parts of the heavens. 

In clear and calm weather, when the ele&ricity 

T 

is not very ftrong, it may pifs through the air 
without bringing any great quantity of vapours 
into its courfe, and, according to the conductors 
it meets in the air, it will, fomctimes be rendered 
vifible for fmall parts of its palfage, and occafion 
thole appearances which we call Ihooting-ftars. 

It is obfervable, that' Ihooting-ftars, feen at any 

* 

time, in general all. direCfc their courfe the lame 
way. 

Vo l. II. B b 
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m The balls of* fires as well as the (hooting-ftars, 
occasionally feen in the air, feem to be mafies of 
electricity, at fo great a diftance that their'angular 
velocity is not Sufficient to prevent the eye from 
difeeming their lhape. It is probable that every 
eleCtric Spark or flalh of lightning confifts of one 
or more balls of fire, though their extreme velocity 
prefents them to the eye under the form of a line 
or lines (i. 259, o). 

n The ignis fatuus, or Will-with-the-wilp, is a 
luitfinous meteor that Seldom appears more than 
Six feet above the ground. It is found chiefly 
about bogs, and is always in motion, varying both 
its figure and ficuation in a veiy uncertain man¬ 
ner. In the plains in the territory of Bologna, 
they are frequently vciy large, and give a light 
equal to a torch j and there are fome places where 
one may be almc ft fure of feeing them every dark 
night. It has been conjectured that thefe meteors 
confift of inflammable air, which has Ixcn kindled 
by elcCtriciry. 

o It was obferved of watei-Spouts, that the con¬ 
vergence of winds and their consequent whirling 
motion, was a principal caufe in producing that 
CffeCt (63, l) ; but there are appearances winch 
can hardly be Solved by Ibppofing that to be the 
only caufe. They often vanifli, and presently ap¬ 
pear again in the fame place: whitifh Or yeHowifti 

> . i 

' ♦ Dr. Bligden Jha> giv*n « flatemenjt of faflU and 

delaEtktel reijpeCUng meteor, of thi* kind io (be PJiil. Txaof. 
•0U74. 

* 


flames 
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flames Have, fometirhes • been ften moving with 
prodigious fwiftDefs about them, and whirlwinds 
are obferved to electrify the apparatus very firong- 
ly. 1 he time of their appearance is generally 
thofe months which are peculiarly fubjefit to thun-' 
der-ftorms, and they are commonly preceded* ac¬ 
companied,. or followed by lightning* the previous 
ftate of the air being- alike in both cafes. And 
the long eftablifhed cuftom, which the fa%rs have,- 
of prefenting fharp fwords to difperfe them, is no 

, ' , A , 

inconfiderable circumftance in favour of the foppo- 
fition of their being ( <electrical phenomena. Per¬ 
haps thC afcCndmg motion of the air, by' Which 1 
the whirling is produced, may be the Current: 1 

known to iflinS from ele&rified’ points, tfs the form' 

• * \ * 

of the protuberance m- the fca is fomCvfrhat point¬ 
ed* and the eledtrified drop of water, heretofore’ 
mentioned, may afford confiderable light in explain¬ 
ing this appearance. 

It is extremely probable that earthquakes owe p 
their original to the difchaige between a cloud 
and the earth, in a highly ele&ric ftate, or even 
between two clouds. They happen moft fre¬ 
quently in dry and hot countries, which are nioft 
fubjeft to lightning and other eledirical pheno¬ 
mena *, and are even foretold by the electric co- 
rufcations and olfier appearances in the air, for 
fome days preceding the event. Earthquakes are 
attended by no fire, Vapor; or fmeU,wbich how¬ 
ever could hardly fall to appear, if the Common 

opinion, of their being occafloncd by a fubterra- 

Bb 2 neous 
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neous explofion, were true. The effeft of an ex- 
plofion of this nature would be a gradual lifting 
of die earth, after which it would fall again, and, 
no doubly deftroy or change the courfe of fprings, 
and confiderably alter the face of the country: 
the contrary to all which is true; for, as far as 

l 

obfervation can determine, the fliock of an earth-. 
quake is inftantaneous to the greateft diftances, 
and feldom does more mifehief than overthrowing 
. buildings. Earthquakes are ufually accompanied 
by run, and fometimes by the moft dreadful 
thundcr-ftorms. All thefe, and many more cir- 
cumftances, but efpecially the almoft inftanta¬ 
neous motion of the (hock, • induce us to look for 
their caufe in ele&ricity, the only power in nature 
that acknowledges no fenfible tranfition of time in 
its operations. 

q_ Dr. Prieftley, in his Hiftoiy of EleAriciry, 
has given an abridgment of Dr. Stukely’s obfer- 
vations and inferences on this iubjeft, and has 
himfclf fhewn, by experiment, that the eleftric 
fhock caufes a vibration fimilar to that of an earth¬ 
quake, when it pafies at or near the furfaces of 
bodies. 

r It may be here pbferved, that the knowledge 
we, have of the properties of ele&ricity has been 
acquired, for the greater part, within the laft; 
half century; and dm if difeoveries proceed as 
rapidly as they have began, it may' be hoped, 
that a fimilar period will afford a more perfect 

, ' acquaintance 
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acquaintance with the influence of electricity not 
only on atmofpherical events, but likewife on mag- 
netifm, vegetation, mufqular motion, and other ap¬ 
pearances, in which, it is more than probable, this 
great and active power has a (hare. 


THE END. 
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/iCHARD, Mr. his procefs for making crucibles of 
A* platina, 129. 

Acids , 159. 

At id, acetous, 217. 

Acid, acridly i 5 8. 217. 

Acid of ambery 200. 

At id of ants, 214. 

Acid of atfenu, 277. 

Acid of benzoin, 2X2. 

Acid of borax, 202. 

Acid of fat, 214. 

A* id of fluor, or fpetty 200. 

Acid of lemons , 211. 

Acid, mat hie, 148. its combinations* 199 & feq. 

Acid of milk, 213. 

Acid of molybdcna, 288. 

Acid, niltousy and its combinations, 189 & feq 
Acid of phofphomSy 206. 

Acid of ptujfian bine, 216. 

Acid offot t cl, 210- 
'Acid of fugary 208. 

Acid affugar of milk, 2x6. 

Acid of tartar, 219. 

Acid, vitriolic, 177. 

Acid of wolfram, 288. 

Affinity, chemical, 137 & feq. double, 144. 

Aggregation, 139. 

Air, alkaline, 232. 

Air, atmospherical, 29 its fpecific gravity, 30. preflure, 31. 
refrafihve power, 49. fpring, 53. .apparatus for experi¬ 
ments with, 155. teft for ascertaining its purity, 191. 
is an cdedtric, 324. charged with elc&ric matter, 3*2. 

Air balloon, 92 — 100. 

Air, fixed • See Acid aerial • 

Air, fiuor acid, 201. 

Air, hepatic, 282. 

Air, inflammable, 93, 170*, 

A\r, mat ine acid, 199* * 

Air, 
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Air, nitrous, 189. 

Air, pbojphoric, 283. 

Air pump, 100— lit, • 

Air, pure, vital, or dephlogifiicated , 136. 

Air, vitriolic acid, 184. 

Alembic, 130. 

Alkali, mineral or marine, 161*224. 

»'■ ■ vegetable, 161 226. 

- - - , volatile, 144. 162. 231. 

Alloy , 234. of coins, 245. 250. 

Amalgams, 255. for eleihic purpofes, 316. 

Amber, ) 96. its acid. See Acid of Amber 
Ammoniac, fal, 144. 231. 

Animals, why they are equally hot in all climates, 124. 
Antimony, 280. 

Apparatus for impregnating water with fixed air, 153, 156. 
Aqua regia, 198. 

At dent jpirit. See Spirit, ardent » 

Atgand, 49 2. 

ArgilU jccoms earth. See Eaith, argillaceous , 

Arjenn, 277. 

Affay of ores, 235. of gold by cupellation, 242. 

tmofpbere, 28 & feq. its height, 34, 35. 30. 

Attrulhon, chemical , 137 6c icq. 

Aurora borealis, 376. 

Auium mufivum, 274. 
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Baldwin's phofphorus, 291. 

Balloon. See Air Balloon. 

Balls of fire, 377. 

Batillia, 227. 

Barometer, 32. its application to mcaftirr elevations, 33—48. 
its rife or fall from mere change of temperature, 40. from 
the varying preffure of the air, 72, marine, 73. 

Bath, chenuial, 132. 

Battery, eleflrical, 339, 

Bell’-mefal, 260. 

Benzoin, 217. 1 

Bergman, 173. 

Bcrthollet , 189. 

Bfinuth, 276. 

B.eck lead. See Plumbago . 

Black wad, 284. 

B.ow-pipt, 134—136. 


Boiling 
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JR oiling point, 76. 125, 126. 
flolognian phofphorus, 291. 1 

Borate, 201. its acid. See Acid of Borex, ' 

Brafs, 261. 

C 

Calcareous earth. See Earth , calcar terns. 

Calces of metals 1 238, 239. 

Calx, 152. 

Canton's phofphorus, 291. * 

Card of the mariner's cempafs, 296. 

Cafe-hardening, 269. 

Caffius, purple powder of 244. 

255. 

Charge, elcflric, 333 & feq. 

Cinnabar , 251. 

CTisy. See Earth, argillaceous. 

Cobalt, a-ja. 

Coins , 245. filver, 250. 

Colours on heated copper » 259. on iron or fled, 268. 
Combuftion, 124, 125. 150. 174. 

Compafs, mariner's f 56. 206. variation of, 304. 
Condenfer of elediicity, 348. 

Conductor of elettricity, 311. for buildings, 362* 
Copper, 259—264. 

Corrofive fublimate, 254. 

Crawford, Dr. 126. 

Crucibles, 129. 

Cryflallixalion , 152. 

Cucurbit , 130. 

Cupel , 129. 

Cupe Ration, 242. 

- Cylinder, electrical, 312. 

D 

JDalibard, Monf. 358. 

Deflagration of nitre , 188. 

Diamond, 171. 

Dipping-needle, 297. 

D filiation, 130. 

Diving-bell, 92. 

E 

Earths, 263. 

Earth, argillaceous, 166. 

Eat th, calcareous, 164. 


Earths 
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Earth, mapte/tan , 166. 

Earth, ponderous, 164. 

Earth,Jiliceous, 167. 

Earthquakes, 371.,., 

Eau de luce, 232. ' v ' ' ■ 

Echo, 65 . 

EleCtric, or non-cpnduClor, 300. 

Electricity, 48. keifs, obtained by rubbing a tube of glafs, 
308. its habitudes with bodies, 308—310. whether it be 
matter, 310. obtained by a machine, 312, .313- excita¬ 
tion of, 314. pofitive arid negative, 317—320. attrac¬ 
tion ana repulfion, 320. affected by. points, 321. 
wind caufed by it, 322. fparks crooked, and through 
a vacuum, 324, 325—-345. with water and from 
low points, 326, 327. the two electricities diftinguifhed 
by an inftrument, 327, produced without communica¬ 
tion, 328. charge of; 3<i & feq. fhock from, 336. con- 
denfed by jars, 337 & feq. affects the thermometer, and 
gives polarity to needles, 341. condenfed, 346. inftruinents 
to meafure its intenfity, 34Q, 350. obtained without evi¬ 
dent friction, 352-—-354. of hlnes, 356. medical, 357. 
atmofplierical, 357—371. 

Electrometer, 349—351. 

EleCIrophorus, 335* • 

Elements, orfitji principles, 141. 147. 

Eliquation , 250, 251. 

Epfom fait, 175: 

Ejfay. See AJJay. 

Ether, 123. 238. 293. 

Ethiops mineral, 244. 

Eudiometer, 186. 

Excitation of Electricity, 314—*318. 


Fermentation, 217. - vinous, 218, acetous, 2191 putre¬ 
factive, 220. - ■ ■, •> 

FireenginS), 80. 

Fifh define, 349, 

FixeeLatr. S&Aerial acid. ... 

Floiuers chemical, 131. 

Fhud, defined, j. preffure of, 3 &c feq. motion of* 19—22, 
reliftance of, 22 
Fluidity, its capfe, 1.118. 

Fluor, 194. its acid. See Acid of Fluor . '. 

•* Flux, 
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Flux, white , 226. crude, ibid, black, or reducing, ibid. 
Fountain*, 22. 8x. 82. 

Franklin, Dr. 360. 

Freezing mixture , its adtion explained, 12 3. 

Freezing point, 75. 127. See Thermometer. 

Fulminating gold, 243. 

Furnaces, 132 & feq. 

Fujibiluy of metals, altered by mixture, 238. 

G 

Gage for the air-pump, 104— 106. 

Galena, 240. 

Glafi, 142. 228. 283. 

Glafs of lead, 

Glaube ; ’ r fait, 174 " 

Gold, 241. 

Granulation, 238. 

Gravity, fpecific. See Specific Gravity. 

Gunpovjdtr , 188. 

H 


Halley's hypothecs concerning the variation of the compafs , 305. 
Hardncfs, its caufe, 139. 

Harmony , 69. 

Heat, 112—126. methods of applying it, 127. ftriking 
analogy with eledtricity, 354. 

Hehotr opium, 161. 

Hepar , 176. 

Hepatic air, 171. 



Inflammation of oils by nitrous acid, 194. of iron with ful- 
pliur, 271. of cupreous nitre with tin, 274. of black wad 
with oil, *84. of various fubitances by eledbricity, 340. 
Ink, 271. 

Iron, 264* ' 


Kirwam, Mr. 11a. 
Kite, tleftrical, 360. 
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Lamp, 292- 
Lava, 234. 

tofgOttdfiber. 
Lemons, 2x0. 

Hf **, 146, 

Lightning, 360 & feq. 
litharge, 257. 

Uver of fidphur, 182. 
Loadfione, 294. 
Logarithms*, V}. 
Longitude, 300. 

Zona cornea, 248. 


their thkknefi, 
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Machine, tleffncal, 312. 

Magnejia. See Earth, magnefian, 

Magnetifm, 295. 

Manganefe, 197, 282. 

Marine acid. See ■/&/'«/, marine. 

Mariner's compafs, 56, 304. 

Marmot metallicum, 160. 180. 

Matrix of ores, 235. 

Mattras, 129. 

Melody, 69. 

Menftnnm, >43. 

Mercurius dulcts, 252. 

Mercury or quickfiher, 17. 127. 249. 

Metallic fubftances, JJQ. 237* 

Microcofmic fait, 206. 

Milk, 212. 

Mineralizers, 234. 

Minium, 254. 

Mixture, 14a. 

Molybdena, 288. 

Mountains, their height meafmed by the barometer* 35—48. 

their ftru&ure, 233. 

Mundic, 177. 

Mufic, 67—71. * 

N 



magnetic, 295. dipping, 297. 


* 


Nitre, 
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Nitre, 185. quadrangular, 193. fixed by charcoal, 215. 

mercurial, 253. 

Nitrouf acid. See Acid, nitrous. 

O 

Oi/s'i'izgs, 104. inflamed by nitrous acid* 188. drying, 

. Ores, 228. allayed and fmelted, 229. of gold, 235. of Hirer, 
240. of mercury, 243. of lead, 248. of copper, a51. df 
iron, 257. of tin, 205. 

P 

Papin's digefler, 149. 

Parker's lens , 162. 

Pasting of gold andJilver, 243. of gold alorrtrfrotn all me¬ 
tals, 243. 

Pewter , 275. 

Phlogijlon , 150. *169. 

Pbojphorus , 173. 197—204. of Bologna, of Baldwin, and of 
Canton, 291. 

Phofpborcfccnce of bodies , 290, 

Plajter of Paris , 180. 

Platina , 245. 

Plumbago, 174. in iron, 269. 

Plumbum corneum , 257. 

Polarity, 296. 

Poles, magnet teal, 297, 

Ponderous earth. See Earth,ponderous. 

Pot-afh, 224. 

Precipitate per ft, 251. 

Precipitation, 1 43. 

Priejlley, Dr, 186. 363. 

Principles, chemical, 141. 147. 

PruJJian blue , 214. 

Pump, 79. 

Putt efaftion, 219. 

Pyrites , 177. 

Pyrophotus, 290. 


l^uickjilver. See Mercury . 
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Radical vinegar , 223. 
AW lead, 254. 
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Scfraflive power of the au, 49. renders the obfervatioiu. of 
low latitudes uncertain, co. 

JS legulus of atfmu, 278 of antimony, 28r. of manganele, 
282. of wolfram, 2S8 of molvbdena, 289. 

Rcjiflanu and ntatdat on of motion*, performed in Jim 1 , 22 
& feq. 

Retott, 121. 

Romatn, Monf. 99. 

Roziet , Ptlatre de, 99. 

Rubber of the elcftrital machine , 312 & feq 


Sal-ammoniac. See Ammomac 
Salts , 149. 

Salt, common , 143. 189 1 ,2, 

Salt, fedative , or a id of 111 a\, 196 
Salt, microcofmic, 200. 

Salt of tat tar, 225. 

Saturation, 143 
Schcelr, 192. 271. 

Avt, method of de tei mining its depth, 89—92. 

Sealing wax, eledlrified, 326. 

Selenite, 180. mtious, 194. 

Shod, tie fir c, 336 fit feq. 

Siliceous eat th Se e cat tf, fine cow. 

Stlvet, 246 
Smalt, 278 
Smelting, 235. 

Smoke, why it alcends, 55. 

Soap, 228. 

Soda, fait of See Marine, or M.tn t al Alkali. 

Solution , 143. 

Sorrel, fait of. See Aid of Sornl. * 

Sound, 65—71. 

Spamjh white, 275. 

Spar, calcareous andpottdetou , 168. Dcibyfiure, or phofpho- 
refeent, 200. 

Speaking-trumpet , 67. 

fipmfic gravities, 4. 11—18 do not follow the denfitics of 
’ the particles, 139. 

Speculum metal, 261. 

*79- 
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Spirit, ardent, 293. 

Spirit of fait. 8lc Afa> me Acid 
8 bung.\, intermitting, 78. 

Stahl, 150. 177. 

Stars, fhootm*, 367. 

Sit ei, at>6. 

Steam, 83. 

Suam-tnoim, 83—89. 

Stockings, c’cthral, 355. 

&*/>/ mat ion, 131 
SubLmatt, roitofac, 252. 

Sugar, 207. its acid, bee yft / r/ Sugar. 

Sugar oj lead, 257. 

Sugar of milk, 213. 

Sulphur, 141. 172. 181. ek&rificd, 355. 
Sy/aiut, Jalt of, 199. 

S\phon, 77, 78. 

1 ' 

' Tartar, 221. alkali of, 223. 

' Temperature . See .£&«*. 

'Tempering of Steel, 268. 

Tefling, 243. 

Thumomiter, 73—77. 113. its natuial zero, I 
by eledhiuty, 334. 

7 bi, 272. 

Topaz, 356. 

Torpido, 358. 

To;; /t elhan experiment, 31 
Touch, magnetic, 300. 

'2 our malm, 356. 

Tube, ekUrte, 308. 

Tungjhn, 288. 

Turlnth m<neral, 251. 

Twilight, 50—53. 

V 

Vacuum, luminous, 325. 

Varn non oj the compajs, 297—300 
f'wwj, metallic, 235. 

Verdigris, 259. 

Vermillion, 250. 

Veffels, chemical, 129 & feq. 

Vmegar. See acetous . 
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Wk *«*. 

fmwUtHd tartar, 180. 
Volatile bodies, 12,8. 
Volcanos, 233 . 

Volta, Mr. 348. 



Wad, black 1 284. t 
Water, 1484 157 1 tt pafllm. 

0 ^er-J^oim t 64. 370. 

Welding, 264. 

Whirlwinds, 63. - 

JWufPHMg &aUHy* ^ 7 * 

Wb*U lead, 255. 

Wick, 292. 

Wilds, Mr. his method of fecurlng retorts in the making of 
phofehortra, 132., 

Will-rvith-the-vihijp, 369, 

Winds, their caule, 55. the different winds enumerated, 
and accounted for, 36—65. 

Wine, fptrit of. See Spirit, ardent. 

Wolfram, 288. 


.* ** 2T 

Zajfre, 478 . 

Sere, natural, of the thermometer, ss8, 119. 

SStikf * 79 . 








